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R. D. WOOD GATE VALVES 
PROVIDE POSITIVE FLOW CONTROL 
AFTER YEARS IN THE LINES 


Here’s what the R. D. Wood Gate 
Valve looks like from the outside — 
rugged, simple, streamlined. lt is 
built for generations of dependable 
service in the lines. Available with 
all pipe connections, including me- 
chanical joint. 


Strip it down to a sectional view 
and you can see why interruptions 
in service are rare. There's virtually 
nothing to go wrong — none of the 
complicated small parts that fail in 
an emergency because sediment and 
scale render them inoperable. 


Bring the R. D. Wood Gate Valve 
down to its essentials and you have 
the spreader and two discs. Rising or 
descending, discs are free to revolve 
completely, thus distributing wear 
evenly. In closing, discs are fully 
lowered before spreading action be- 
gins. Fully opened, comp ts move 
out of the water way, providing full 
pipe capacity. 


R. D. WOOD COMPANY 


Public Ledger Building, independence Square 
Philadelphia 5, Pa. 


Manufacturer: of Mathews Hydrants and ‘'Sand-Spun'’ Pipe (centrifugally cast in sand molds) 
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GROW! 


9CK JOINT PIPE COMPANY 
East Orange, New Jersey 


ont, Mich 


Today. water 1s as basic to industrial de 
as)it always has been to age 
he growth and prosperity of the com: 
munity, a water supply system capable of 
x? > high rate of industrial expan- 
prime Concern of the community, 
| 
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Giant crops of microwopic cigae ...rich in vital food elements... 
grown under the sec to help feed o hungry world Scientists say it will come. 


100 years from now...WE'LL “FARM" THE SEA 
TO FEED A HUNGRY WORLD! 


Hard to imagine. But in the fabulous world of tomorrow, 
there'll be one familiar note: water and gas will still be 
carried by the dependable, cast iron pipe laid today. Over 
sixty American cities still use cast iron water and gas mains 
acentury and more old. And today, U.S. Pipe...centrifugally 
cast and quality-controlled from mines to blast furnaces to 
finished product...is even tougher, stronger, more durable. 


U.S. Pipe is proud to be one of the leaders in a forward- 
looking industry whose service to the world is measured 
in centuries. 


U. PIPE AND FOUNDRY CO., General Office: Bi Alab 


~~ 
= 
A wholly integrated producer trom mines and blest furnaces to tintshed pipe. 


COMING MEETINGS 


Coming Meetings 


Vol. 47, No.9 


AWWA ANNUAL 
CONFERENCE 


May 6-11, 1956, at St. Louis, Mo. 
Members’ reservation blanks will be 
mailed after Nov. 1, 1955. 


AWWA SECTIONS 


Sep. 25-27—Missouri Section at 
the Connor Hotel, Joplin, Mo. Secre- 
tary, W. A. Kramer, Room 3, 6th 
Floor State Office Bldg., Jefferson 
City, Mo. 


Oct. 5-7—North Central Section at 
Radisson Hotel, Minneapolis, Minn. 
Secretary, Leonard N. Thompson, Gen. 
Mgr., Water Dept., St. Paul 2, Minn. 


Oct. 16-19—Southwest Section at 
Gunter Hotel, San Antonio, Tex. Sec- 
retary, Leslie A. Jackson, Mgr.-Engr., 
Munic. Water Works, Robinson Me- 
morial Auditorium, Little Rock, Ark. 


Oct. 17-18—Canadian Section, 
Maritime Branch, at Isle Royale Hotel, 
Sydney, N.S. Secretary, J. D. Kline, 
Box 608, Halifax, N.S. 


Oct. 19-21—lIowa Section at Hotel 
Fort Des Moines, Des Moines. Sec- 
retary, H. V. Pedersen, Supt., Water 
Works, Munic. Bldg., Marshalltown. 


(Continued on page 8) 


Oct. 20-21—West Virginia Section 
at Waldo Hotel, Clarksburg. Secre- 
tary, Harry K. Gidley, Director, Div. 
of San. Eng., State Health Dept., 
Charlestown. 


Oct. 20-22—-New Jersey Section at 
Hotel Madison, Atlantic City. Secre- 
tary, C. B. Tygert, Wallace & Tiernan 
Inc., Box 178, Newark 1. 


Oct. 25-28—California Section, at 
Senator Hotel, Sacramento. Secre- 
tary, H. F. Jerauld, Asst. Supt., 
Constr. & Operation, Water Dept., 
1040 Manzanita Ave., Pasadena 3. 


Oct. 26-28—Chesapeake Section, at 
Sheraton Park Hotel, Washington, 
D.C. Secretary, Carl J. Lauter, 6955 
—33rd St., Washington 15, D.C. 


Oct. 30-Nov. 2—Alabama-Missis- 
sippi Section, at Buena Vista Hotel, 
Biloxi, Miss. Secretary, Charles W. 
White, Asst. San. Engr., State Dept. 
of Public Health, 537 Dexter Ave., 
Montgomery 4, Ala. 


Nov. 3-5—Virginia Section, at 
Hotel Roanoke, Roanoke. Secretary, 
J. P. Kavanaugh, 213 Carlton Terrace 
Bldg., Roanoke 11. 


Nov. 6-9—Florida Section, at Or- 
ange Court Hotel, Orlando. Secre- 
tary, Harvey T. Skaggs, Secy. & Gen. 
Mer., Amica Burnett Chem. Co., Box 
2328, Jacksonville. 
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IN WATER SYSTEMS 


& what: counts / 


That’s why it pays to use 
Transite® Pressure Pipe with 


the Ring -Tite® Coupling 


For tHE contractor who installs it . . . for the 
engineer who selects it . . . for the taxpayer who 
pays for it . . . Transite Pressure Pipe with the 
new Ring-Tite Coupling meets every require- 
ment. For example . . . 

Installed Cost is Lower—Contractors every- 
where have found that Transite’s light weight, 
easy handling and fast, accurate Ring-Tite Cou- 
pling simplify assembly and save time. May be 
installed even under difficult weather and terrain 
conditions. The Ring-Tite design automatically 
locks tight, forming a positive seal. 


Performance is Higher —With Transite A 
Pressure Pipe and the Ring-Tite Coupling, 

you can count on peak performance year Lh 
after year because of such engineering / 
advantages as these: Lasting strength bs 
because of Transite’s asbestos-cement, 
a strong durable material, highly F 
resistant to corrosion... Designed / 
tightness with the rubber rings f i 
of the Ring-Tite Coupling . . . f 

Assured flexibility with auto- Z 

matic end positioning within 
the joint . . . Locked in the 
groove . . . rings can’t 
blow out. 
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For further information about Transite Pressure Pipe 
and Ring-Tite Coupling, write to Johns-Manville, Box 


60, New York 16, N. Y. 
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Johns-Manville TRANSITE PRESSURE PIPE 


WITH NEW RING-TITE COUPLING 
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Coming Meetings 


COMING MEETINGS 


Vol. 47,No0.9 


Nov. 14-16—North Carolina Sec- 
tion, at Robert E. Lee Hotel, Winston- 
Salem. Secretary, W. E. Long Jr., 
1615 Bickett Blvd., Raleigh. 


OTHER ORGANIZATIONS 


Sep. 21-23—Georgia Water and Sewage 
School, at Hightower Textile Bldg., 
Georgia Inst. of Technology, Atlanta. 


Oct. 10-13—Federation of Sewage & In- 
dustrial Wastes Assns., at Ambassador 
Hotel, Atlantic City, N.J. 


Oct. 14-15—National Society of Profes- 
Hotel, 


Engineers, at Peabody 


Memphis, Tenn. 


sional 


17-21—National 
Exposition, at 


Oct. Congress 
and Hilton 
Hotel, Chicago, sponsored by National 
Safety Council. Secretary, R. L. For- 
ney, 425 N. Michigan Ave., Chicago 
11, 


Safety 
Conrad 


Oct. 22-31—lInternational 
Industrial Chemistry, Madrid, Spain. 
Secretariat, Serrano, 150, Madrid. 


Congress of 


Oct. 23-26—Pennsylvania Municipal Au- 
thorities Assn., at Bellevue-Stratford 
Hotel, Philadelphia. 


Oct. 24-28—American Society of Civil 
Engineers Convention, at Hotel Stat- 
ler, New York. 


Oct. 24-26—National Conference on 
Standards, at Sheraton Park Hotel, 
Washington, D.C., sponsored by Na- 
tional Bureau of Standards and Ameri- 
can Standards Assn. 


Nov. 1-3—Panel Conference on Under- 
ground Structure Corrosion, at Hotel 
Niagara Falls, N.Y., sponsored by 


(Continued from page 6) 


Northeast Region, National Assn. of 
Corrosion Engrs. 


Nov. 14-18—American Public Health 
Assn. Convention, at Municipal Audi- 
torium, Kansas City, Mo. 


Nov. 16-18—Water Works Management 
Short Course, at Univ. of Illinois, Al- 
lerton Park, Ill. 


Nov. 27-30—American Institute of 
Chemical Engineers, at Hotel Statler, 
Detroit, Mich. 


Nov. 27-30—National Chemical Exposi- 
tion, at Public Auditorium, Cleveland, 
Ohio, sponsored by Chicago and Cleve- 
land sections, American Chemical So- 
ciety. 


Dec. 5-9—Exposition of Chemical In- 
dustries, at Commercial Museum and 
Convention Hall, Philadelphia, Pa., 
under management of International Ex- 
position Co., New York. 


Dec. 11-17—Nuclear Engineering and 
Science Congress, Cleveland, Ohio, 
sponsored by Engineers Joint Council. 


1956 


Feb. 13-18—Symposium on Winter Con- 
creting Theory and Practice, Interna- 
tional Union of Testing & Research 
Labs. for Materials & Structures 
(RILEM), Copenhagen, Denmark. 
Organizing Secy., RILEM Symposium 
1956, c/o Danish National Inst. of 
Building Research, 20 Borgergade, 
Copenhagen, K, Denmark. 

Jun. 17-23—World Power Conference, 

Vienna, Austria. Oecesterreichisches Na- 

tionalkomitee der Weltkraftkonferenz, 

Vienna I, Schwarzenbergplatz 1. 


Sep. 1955 


JOURNAL AWWA 


G5 complete process instrumentation 


Willard Harper, Chief Chemist, adjusts the set- 
ting on a Ratochlor unit. 


Flow diagram shows the simplicity of the 
Fischer & Porter Model 1050-A Chlorinator. 
This 6-page folder gives additional informa- 
tion. Send for your free copy today. 


FISCHER & PORTER 


COMPANY 
COUNTY LINE ROAD * HATBORO 146, PA. 


F&P Chiorinator Proven 
Under Severe Test 
by City of Columbus 


Freedom from corrosion, low maintenance 
and operating costs induce 
city officials to acclaim its virtues 


Faced with the need of replacing its 40-year- 
old chlorinator, the City of Coiumbus, 
Ohio, tested an F&P chlorinator for 8 
months under the most adverse conditions. 
So pleased were Marshall Houghn, chief 
of the Dublin Road plant, Willard Harper, 
Chief Chemist, Paul C. Laux, Water 
Division superintendent, and Floyd C. 
Redick, Public Service Director, with its 
performance that twonew Fischer & Porter 
Chlorinators and an Evaporator were 
installed. The Dublin plant keeps one 
chlorinator in constant operation and 
the other for reserve purposes. 


Here are the features of the F&P Model 
1050-A Chlorinator 

« Only materials completely inert to cor- 
rosion are used in construction 
Cabinet made of plastic-impregnated 
Fiberglas—never needs painting 
Simplicity of operation—internal pip- 
ing in vacuum system employs “snap- 
in” type construction with “O” rings 
requiring no unions 
Designed for installation by unskilled 
labor 


Fischer & Porter offers a wide variety of 
chlorinators for use in municipal water 
systems, industrial plants, swimming pools. 
Consult your local F&P representative or 
write for free literature. 


Measuring, recording and controlling instruments 
Centralized control systems 

Data reduction and automation systems 
Chlorination equipment 

Industrial glass products 


Sales offices in 32 American cities and in principal cities abroad 
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61,167 gauges...to deliver your 
CRANE VALVES 100% quality inspected 


Care-how! A newly coined catch-phrase? Not at Crane! It is a 
rigidly-adhered-to principle of quality control—100 years old! 

By way of example, the Crane technician in the photograph is 
checking the taper, size and guide slot alignment on gate valve 
discs. Every disc must correspond to the setting of the indicators 
—to tolerances of .001 inch plus or minus, on the taper, and .008 
inch on the alignment of the slot guides. 

Why this Care-how? To assure buyers of Crane gate valves of 
smoother, longer lasting valve operation, and lower maintenance 
and repair costs. 

There you have the reasons why thrifty 
buyers prefer Crane valves... why industry 


Better Quality 

uses more Crane valves than any other make Bigger Selection 
in Valv 

... and why you should always buy Crane. fasten iP 


Crane Co., General Offices: Chicago 5. 
Branches and Wholesalers in industrial areas. 


CRANE CoO. 


VALVES FITTINGS PIPE * KITCHENS * PLUMBING HEATING 


PUCRANE’S First CENVURY...1855-1955 | 


i i 
» 
heed 
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Triangle 
Brand 


HELPS SOLVE YOUR WATER PROBLEMS 


Triangle Brand Copper Sul- 
phate economically controls 
microscopic organisms in wa- 
ter supply systems. These or- 
ganisms can be eliminated by 
treatment of copper sulphate 
to the surface. Triangle Brand 
Copper Sulphate is made in 
large and small crystals for 
the water treatment field. 


Roots and fungus growths 
in sewage systems are con- 
trolled with copper sulphate 
when added to sewage water 
without affecting surface trees. 


Booklets covering the sub- 
ject of control of microscopic 
organisms and root and 
fungus control will be sent 


upon request. 


PHELPS DODGE 
REFINING CORPORATION 


40 Wail Street, New York 5, N.Y. 
5310 West 66th Street, Chicago 38, Il. 


‘ 
| 
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what have 


The Galapagos Turtle (or Tortoise) is on 
inhabitant of the tropics. 

tt often has a life span of 150 years and 
weighs up to 500 pounds. Once numerous, 
its ranks became decimated when man 
discovered it could live for months without 
food—making it a good source of fresh 
meat for sailing vessels, especially 
whaling ships. 


This cast iron water main laid ih 1835 by 
the Bureau of Water of Lancaster is still 
functioning after 119 years of service. 


iron 


~ 
+? 
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they common... 


THE TURTLE 
AND CAST IRON PIPE...LONG LIFE! 


The Galapagos Turtle frequently lives to be over 100... an 
outstanding example of longevity in the animal kingdom. In our everyday 
world, CAST IRON PIPE lives . . . and serves . . . for centuries, 


AND HERE'S 


is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 

its long years of service. 

On its record, CAST IRON PIPE is the world’s most dependable carrier of water. 


Cast Iron Pipe Research Association, Thos. F. Wolfe, Managing Director, 
122 So. Michigan Avenue, Chicago 3, Ill. e 


i? FOR MODERN WATER WORKS OPERATION 


THE PROOF: tisted below are some of 
WATER COMP “ITY OF WATER & SEWERAGE 
Massachusetts Montreal Quebec Syrecuse, New Vo 
oF WY SEWERAGE DIV. Mintrio! Quebec ew Vorb 
OF FREDERICK WATER | DEPT. OF PUBLIC OF (WATER 
SERVICE SION «BUREAU OF WATER DEFT OF PUBLIC WATER DEPARTMENT 
VoterSupply «WORKS, Pittsburgh. Pennsylvania City of Winston-Solem, North 
BUREAU OF THE POTISVILLE WATER COMVANY WATER © 
Richmond Vigne 
TO D A ¥ @ @ modernized cast iron pipe, centrifugally cast, 
The Q@ Check stencilled on pipe is the Registered 
Service Mark of the Cos! iron Pipe Research 
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stand Motor Unit . 
motor, 


control 
switch and push 
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, durable mechanism of Chapman's Motor Unit. 
of comelas stationary during motor operation. 


IN CHAPMAN MOTOR UNITS 


Chapman's simple and rugged Motor 
Unit gives accurate, trouble-free control 
of large valves and sluice gates. It has ap- 
proximately half as many parts as any 
other unit. Its simplified design, low 
speed motors and low-ratio, stubtooth 
gears combine to give positive operation 
without drift, in any position and under 
all conditions. 


Installation is fast and simple. The 
floorstand unit comes completely wired, 
ready to connect to leads. Limit switch 
has micrometer adjustment for exact pre- 
setting for seating tightness. Motor Units 
operate smoothly under the most ad- 
verse conditions. All units are weather- 
proof and steam-tight. Write today for 
new Catalog 51. 


The Chapman Valve Manufacturing Co. 


INDIAN ORCHARD, MASSACHUSETTS 
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Filter 


MUNICIPAL WATER PURIFICATION 


The combined capacity of Roberts- 
equipped filtration plants is well over 
5 billion gallons (5,000,000,000) per 
day. Regardless of the size of the 
plant or the nature of the filtration 
problem, Roberts Filter can be 
depended upon for equipment that 
is reliable in years of service. 


SWIMMING POOL 
RECIRCULATING SYSTEMS 


The combination of thoroughly clari- 
fied water and efficient recirculation 
are features for which Roberts pools 
are famous. Systems for both outdoor 
and indoor pools are designed and in- 
stalled by men long experienced in 
the conditions peculiar to a success- 
ful swimming pool installation. 
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means... 


INDUSTRIAL WATER RECTIFICATION 


Water treatment has long been a 
specialty of Roberts Filter. Zeolite 
water softeners are guaranteed to 
meet all requirements for which 
recommended, and are available in a 
wide range of capacities. Ro 
water conditioning equipment is 
widely to control precisely the 


desired chemical content of water 
for industrial use. 


PRESSURE FILTERS 


Closed pressure filters have wide 
usage where gravity filters are not 
justified. Roberts vertical filters are 
available in standard types from 12” 
to 96” diameter; horizontal pressure 
filters are all 8’0’’ in diameter and in 
varying lengths from 10’0” to 25/0”, 


When you think of good water—think of Roberts Filter 


EQUIPMENT 
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Roberts Filter 


Manufacturing Company Darby, Penna. 
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Best Fire Protection 
Adequate—Dependable—Permanent 
CAST IRON WATER MAINS 


Fires start in many different ways. But there’s 
only one sure way to stop them—running water de- 
livered when and where it’s needed. 


An adequate, dependable, permanent cast iron 
water system is a sound community investment. Value 
of property saved through its protection plus low insur- 
ance rates go far toward paying for it. 


Cast iron pipe combines the advantage of perma- 
nence with superior shock resistance to flood, earth- 
quake and explosion. It has been rightly called “Amer- 
ica’s No. 1 Tax Saver.” 


* * * * * * * * 


Our Company does not manufacture cast iron pipe, but pro- 


duces quality iron from which quality pipe is made by many of 
the nation's leading foundries. 


Woopwarp Iron Company 
WOODWARD, ALABAMA 
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Model GLW-0 Loss- 
in-Weight Grovi- 
metric Feeder for 
maximum rote of 


100 Ibs. per hour. 


Model GLW-2 Loss- 
in-Weight Grovi- 
metric Feeder for 
moximum rote of 
4,000 Ibs. per hour. 


What does the super-accuracy of Omega 
Loss-In-Weight Gravimetric Feeders really mean 
to the modern water works? To some plants, 
these feeders mean economy . . . the last word 
in the control and conservation of costly water 
treating chemicals. Others pick Omega Loss-In- 
Weight Feeders for safety, knowing that these 
flood-proof feeders provide positive control of 
critical chemicals. Still others select Omega Loss- 
In-Weight Feeders for flexibility, to meet a wide 


DIVISION OF 6B-I-F 


Mode! GLW-1 Loss. 
in-Weight Grovi 
metric Feeder for 
maximum rote of 


1,000 Ibs. per hour 


When only the 


BEST is good 


enough... 
don’t shop for bargains 


range of raw water conditions and seasonal 
water demands. 

If you are considering up-grading your chemi- 
cal feeding equipment, or installing additional 
feeding capacity, investigate these and other ad- 
vantages of Omega Loss-in-Weight Gravimetric 
Feeders . . . then you'll agree that only the best is 
good enough. Bulletins 30-H12A and 30-K4 give 
complete details — send for your copies today. 
Omega Machine Co., 365 Harris Av., Prov. 1,R. 1. 


OMEGA FEEDERS 


INDUSTRIES, 


SUILDERS IRON FOUNDRY © PROPORTIONEERS, INC. SUILOERS-PROVIDENCE, INC. 


Ta 


INC. 
CONTROLS 


| 


20 PER JOURNAL AWWA Vol. 47, No.9 


Seafaring durability! K&M “Century” Pipe “goes to sea” on the 
Padre Island causeway pictured here. The island is located off the 


Texas mainiand, Engineers 


Macdonald, New York, Installation contractor: W. T. Liston Co., 


Harlingen, Texas. Photo by Booth Studio. 


In the south! “Century” Pipe is shown 
here at the beginning of the Padre 
Island causeway—a span that stretches 
out from the coast of Texas into the 
Gulf of Mexico for a mile and a quarter. 


In the east! This picture illustrates 
Parson, Brinckerhoff, Hall and an installation of “Century” Pipe 
at the Brookwood Estates, Stanhope, 
New Jersey. 


Over the Sea, as across the Land 
KaM “Century”’ Pipe Keeps Pumping Costs Low! 


Off the coast of Texas, the “Century” Pipe 
on the causeway pictured above prevents 
pumping costs from creeping up—there’s 
never a change in the diameter of its bore! 
Why? This asbestos-cement pipe is non- 
tuberculating, highly resistant to corro- 
sion, and immune to electrolysis. 


Formed on a smooth steel mandrel, its in- 
terior surface offers a minimum of friction. 
The Williams and Hazen Constant “C”’ is 
conservatively placed at 140. As this pipe 
is relatively light in weight, handling and 
installation costs are low. It also meets the 
A.W.W.A., and A.S.T.M., and Federal 


KEASBEY & MATTISON 


COMPANY * AMBLER « PENNSYLVANIA 


specifications for asbestos-cement pres- 
sure pipe. 


Contraction, expansion controlled. The 
“Century” Simplex Coupling acts as an 
expansion joint. Each pipe length “floats” 
within its own couplings. Thus, any con- 
traction or expansion need is readily met. 
Furthermore, these couplings actually 
absorb traffic vibration. 


Booklet on request! Write for your copy 
of “Mains Without Maintenance”... 
complete specifications and background 
data for K&M “Century” Pipe. There’s no 
obligation, of course. 


>, 
a at 
< KM 
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UELLER 


IMPROVED CURB BOX 


Telescopic upper section prevents damage to stop, line or 
box from heavy loads . . . upper section held in any po- 
sition by strong phosphor bronze spring . . . allows for 
grade changes, settlement or frost heave . . . cannot be 
pulled out of base . . . bronze-bushed lid assures easy re- 
moval of access plug at all times . . . curb box completely 
coated with tar tm enamel . . . for stops in sizes from 
through 2” .. . lengths from 2’ through 6’. . . optional 
foot-piece centers stop and provides solid support for 
curb box. 


INVERTED KEY CURB STOP 


Tapered key individually ground and lapped for perfect 
pressure-tightness . . . key seated by base cap and water 


pressure . . . increase in water pressure automatically 
increases key-seating force . . . key is unseated for easy 


turning with downward pressure on shut-off rod... 
pressure instantly reseats key . . . combined cap and tee 
has accurate built-in check .. . all parts cast from finest 
waterworks bronze ... various combinations of inlets and 
outlets for any type, or types, of service pipe... sizes 
from 1%" through 2”. 


See your Mueller Repre sentative, 
Catalog W-96 or write direct for 
detailed information on Mueller’s 
full line of curb stops, curb boxes 
and related waterworks products. MAIN OFFICE B FACTORY DECATUR, ILLINOIS 


MUELLER CO. 


Dependable Since 1457 


al 
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lnsured 


Insure MAXIMUM Revenue 
...» MINIMUM Upkeep 
with CALMET... 


CALMET 


“THE METER YOU CAN COUNT ON” 


Manutactured by 


Well Machinery & Supply Co., Inc. 


Fort Worth, Texas 


\ </ 
4CALMEnT @ 
WATER METER 
4 
* 
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FROM NEW “‘HUB OF THE WEST”’ SOURCE... 


USS QUALITY 

PIPE KEEPS 
PACE 

THE WEST 


Consolidated Western’s 
new plant serves 
the entire West 
with Water Pipe 


With the vows Ay its new Utah plant now under con- 


struction on a 117 acre site near Provo, Consolidated 

Western Steel has once again expanded its facilities to 

keep pace with the need for pipe to build the West's great 

projects... like the giant new Mokelumne Aqueduct. This 

vital conduit reaches 170,000 feet across the fertile 

Sacramento Valley into the reservoirs of the East Bay Muni- 

cipal Water District, Oakland, California. Built from 69” 

diameter Consolidated Western welded steel pipe—the new The new plant at Provo, Utah is 

Mokelumne is one of the. West’s most modern waterways. _ ideally located to serve you with the 
Because United States Steel always emphasizes quality greatest possible efficiency. It will 

control from mine to mill to finished steel... its consist- produce and deliver the highest 

ently high-quality steel pipe is in demand the world over. quality electric-welded steel pipe at 

For 100 years, Consolidated Western Steel, Division United _—_ the lowest possible cost. Sizes availa- 

States Steel, has pioneered the fabrication, erection and ble include 4” to 40” diameters in 

manufacture of pipe, structural steel, plate products and lengths up to 50 feet to meet the 

mechanical equipment—constantly proving that only needs of domestic water systems, in- 

steel can do so many jobs so well. dustrial and agricultural installations. 


CONSOLIDATED WESTERN STEEL 


Sales Offices: Los Angeles, San Francisco, Fresno, Bakersfield, California; Phoenix, Arizona; Seattle, Washington; Houston, Texas. 
DIVISION 


=) 


How Fairless Hills 


Raw well water with 30 parts per million of iron enters the double 
coke-tray Permutit Aerator (right) which oxidizes the iron and re- 
duces CO,. Next step is the Permutit Precipitator (left) where 
lime is added to raise pH and precipitate the iron...clay to 
thicken the precipitates. The resulting floc forms a suspended 
sludge blanket that speeds the chemical reaction . .. makes it more 
complete, Final treatment is by 5 Permutit Pressure Filters which 
remove remaining traces of precipitated iron and turbidity to de- 
liver clear, iron-free efiluent. 


4 
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reduces iron from 
0.14 ppm! 


Fairless Hills, Pa., was built from the ground up to a 
community of 6,500 in less than 4 years . . . yet, because 
of good planning, there has never been a water supply 
problem. Before construction began, the search for wa- 
ter was underway. 

The first test wells were disappointing ... couldn't de- 
liver enough. The nearest river water supply was too 
dirty and within the tidal basin. And when an adequate 
well water supply was discovered, it was acid and con- 
tained not just the usual few tenths ppm of iron but well 
over 30 ppm... 100 times the allowable standard! 

Since even a few ppm of iron are considered difficult 
to handle, 30 parts presents a real problem. Because of 
the efficiency of its unique sludge-blanket design, a 
Permutit Precipitator was provided under specifications 
prepared by Consulting Engineer Howard A. LeVan, Jr. 
of Harrisburg, Pa. The unit was guaranteed to reduce 
iron to not more than 0.3 ppm. 

“Now, the iron content is 0.14 ppm and the pH is 9.0. 
This equipment is doing a good job,” reports H. D. 
Markle, Chief Engineer for the builders. 

“In 29 years around the country, 've seen numerous 
Permutit installations doing a good job,” adds Township 
Sup't of Sewage and Water Supply, W. W. Willis. 

It’s easy to see why you should bring your water prob- 
lem to Permutit. Address: The Permutit Company, 
Dep. JA-9, 330 West 42nd St., New York 36, N. Y. 


Water Conditioning - lon Exchange 


EQUIPMENT + RESINS + EXPERIENCE 
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MECHANICAL JOINT 


TAPPING 


A. W. W. A. 
OR 


FOR EASY, QUICK, PERMANENT INSTALLATION 


This is our widely used M&H Tapping Valve and Sleeve, with Mechanical Joint 
connections. The only assembly tool needed is a ratchet wrench. The split sleeve 
has Mechanical Joint ends, and the longitudinal top and bottom joints are the 
same type. It may be installed quickly by unskilled workmen. One end of the valve 
is flanged for bolting onto the sleeve, the other end of the valve is special type 
Mechanical Joint for connection (first) to the tapping machine and (second) to 
the mechanical joint pipe line. 

Designed for tapping a main under pressure to take off a branch larger than 
corporation cock size. Valves furnished in accordance with A.W.W.A. specifi- 
cations, or UA&FM with or without bonnet flange for indicator post, or with 
rising stem for use in manhole or valve pit. For details, wire or write 


M&H VALVE AND FITTINGS noone ANNISTON, ALABAMA 


TER WORKS e@ FILTER PLANTS 


M:H PRODUCTS 
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THE HOMOMIX—>provides instant, violent, uni- 
form, and complete mixing of one or more chem- 
icals or gases with water—continuously or in- 
termittently, without the use of a mixing tank! 
Designed -vith one or more stages of direct-con- 
nected motor driven diffuser impellers rotating 
in blending chambers, it forms part of the in- 
fluent piping. Discharges directly across the flow- 
through stream. Mixes instantaneously at the 
point of entry. Lift im — can be added to 
ovide additional hea uired. Send for 
echnical Supplement HM fe ulletin 300. 


IRON AND CARBON DIOXIDE REMOVAL 


THE FERROFILTER—removes iron, manganese, 
carbon dioxide, and other dissolved gases and 
odors—efficiently and economically, in one sim- 
ple operation. Utilizes fine media in open aera- 
tion. Write for Bulletin No. 252B. 


SOFTENING AND TURBIDITY REMOVAL 


THE FLOCSETTLER—combines in one unit all 
modern concepts of water and waste treatment, 
including mixing and slurry blending, slurry 
recirculation, sludge blanket settling, sludge 
concentration, a sludge removal. Send 
Technical Supplement FL. 


Utilize our experience in 
engineering design and 


ter Treatment 


with PROVED American 


EQUIPMENT 


PADDLE -PROPELLER -RM TYPE MIXERS—for vapid 
mixing to obtain continuous blending of c! 
with raw water. 


PADDLE -DOWNFLO -FLOCCULATION UNITS—de- 
signed to efficiently carry out the slow mixing 
and flocculation functions required in the coagu- 
lation process. Choice of vertical and horizontal 
units. Send for Technical Supplement PF. 


SLUDGE REMOVAL 


POSITIVE FLIGHT CONVEYORS—for rectangular 
settling tanks. Heavy-duty solid shafting, bab- 
bitted plate sprockets. Heavy adjustable self- 
aligning wall bearings, furnished with foundation 

bolts welded to templates and eccentric washers 
for economical installation. 


CIRCULAR CLARIFIERS—Structural steel bridge, 
steel flights in staggered position mounted on 
two radial trussed arms driven by motorized 
gear reduction unit. Write for Bulletin 253B. 


Cos plete line of double-suction split-case sin 

stage, two-stage, end suction, axial flow, sludge 
deep well turbine pumps—for wide range ia 
—- water, low lift, high lift, backwash, and 
service pumping requirements. Send for 
ulletins 248A, 246A, 251A, 245A. 


AMERICAN- WELL Works 


manufacture of field- proved 
equipment and pumps for 
water and waste treatment 


112 North Broadway \ 


AURORA, ILLINOIS 


Sewoge Treatment ond 
Woter Purification Equipment 


RESEARCH ENGINEERING MANUTACTURING 


Offices Mew York Cleveland Hanes Cty + Soles the World 
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Write for Bulletin No. E-33W 


Rust-PrRoorinGa 


CORPORATION 
30 MAIN STREET, BELLEVILLE 9, N. J. 


ATLANTA CHICAGO DALLAS MONROVIA SEATTLE 
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l does Waterworks 


And it can pay for itself in 3 years service. 
*COC—Centralized Operations Control 


For full information, write to The Hammarlund 
Manufacturing Co., Inc., 460 West 34th St., N. Y.1 ' 


AMMARLUND 
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WORCESTER — Early in March work began on 
a major water supply project requiring 14,300 
ft of 36- and 5900 ft of 30-in. ID Bethlehem 
Pipe—coal-tar enameled, and wrapped both 
with felt and paper. Contractor is Johnson 
Brothers; design engineer is Metcalf & Eddy. 


EAST MILTON — Southeast of metropolitan 
Boston, Marinucci Brothers and Co., Inc., is 
installing 24-in. Bethlehem Pipe. The twin 
lines shown here bridge the Southeast Ex- 
pressway, which is now under construction. 
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BOSTON—Coleman Brothers Corp. laid this 
line of 60-in. ID tar-enameled and wrapped 
Bethlehem Pipe along the Charles River. The 
bridge leads to Harvard University. This job, 
as well as the two shown below, is a project of 
Boston's Metropolitan District Commission. 


DEDHAM — These 40-ft lengths of Bethlehem 
Pipe, 36 in. ID, are part of an 11,500-ft line 
between Dedham and West Roxbury, south- 
west of Boston. Chesterbrook Construction 
Co. is handling installation of the project. 


Bethlehem Steel Pipe for water and sew- 
age transmission is available in 40-ft 
lengths, coated, lined and wrapped, in all 
diameters from 18 in. to the largest per- 
mitted by common carriers. May we 
give you further information? 


We suggest you coatact the Bethlehem 
sales office nearest you. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 

On the Pacific Coast Bethlehem products 
ere sold by Bethlehem Pacific Coast 
Steel Corporation 
Export Distributor; Bethlehem Stee! Export Corporation 


BETHLEHEM STEEL 


| Bethlehem Steel Pipe in the Bay State 
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DE LAVAL pumps America’s water... 


Six De Laval pumps are on the job in the 
recently modernized Tonawanda, New York 


water works. These efficient pumps have a total Consulting 

capacity of 40 mgd, thus help meet the increased Engineers: 

needs of this growing community. Metcalf & Eddy, 
Boston, Massachusetts 


Today 80% of all cities in the United States, 
with a population of 100,000 or over, use : 
De Laval centrifugal pumps. Capacities of Operating 

De Laval centrifugal water works pumps range Superintendent; 
from 100 thousand to 100 million gallons Oscar B. Schulte 
per day. Write for your copy of new De Laval 
Bulletin 1004 giving data on these pumps. 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey eucees 


# 
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WAT 1919 type 
mechanical diaphragm 
CITY OF LYN GC, VIRCINIA 
June 2, 1995 
Wallece Tiernan, Incorvoreted 
213 Servese Bui leing 
Bin Roanoke 13, Virginia 
Gentlemen: 


The first Wellece end Tiernen Chlorinetor was installed 
in Lynchburg in Subsequently additional 


heve been he need hes Gevelo All teing © 
equipment. 
In to the Chlorinators we have one Wellece and 
? 3 Tiernan Fluoridetor installed in 195). 
Modern W&T type 
J The application of chemicals in |ynchburg is more or less 
water diaphragm in that we te epply egsinst heed st tines, 


This condition ‘nee it necessary that chemicels be applied 
in solution. 
In all of our transactions with your organization for sore 


what we believe to be adverse conditions, and ite perterve 


ence has been very satisfactory. 
Very 


& Director 
rtment 


Jor more than thirty-five years...” 


Mr. R. D. Wright, Director, City of Lynchburg Water Department 
writes, “Your equipment has stood up under what we believe to be 
adverse conditions, and its performance has been very satisfactory.” 
Lynchburg, Virginia has been using Wallace & Tiernan Chlorinators 
since 1919, The original units are still in service, along with more 
modern W&T equipment. 

When you purchase a W&T Chlorinator, you purchase more than 
apparatus, You buy experience. Experience that brings you equipment 
design and materials of construction that have been selected and proven 
by years of use. 

Lynchburg is not the exception. When your W&T representative visits 
you he can tell you about W&T chlorinators in your area, which are still 
giving dependable service after years of use. 


“Make Your Firat Choice WALLACE & TIERNAN INCORPORATED 


Equipment That Lasts.” 25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


Se 

* 
W CHLORINATORS — 
DEPENDABLE SERVICE... 
— 
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Our National Water Resources Policy 


Clarence A. Davis 


An address presented on Jun. 13, 1955, at the Annual Conference, 
Chicago, Ill., by Clarence A. Davis, Undersecretary, US Dept. of the 


Interior. 


AM sure the subject, “Our Na- 

tional Water Resources Policy,” is 
a noncontroversial one! If you don’t 
believe that, read the Congressional 
Record most any morning. In fact, 
one of your leading members recently 
sent me a pair of asbestos gloves which 
he was sure I would need to handle 
this hot potato! 

Last February when I was invited 
to speak, it was thought that by this 
time the President’s advisory commit- 
tee on national water policy would have 
made public a report which could be 
the subject of my discussion with you 
today. Unfortunately, that committee 
has not yet presented its report and, 
I am sure therefore, you will under- 
stand that I cannot discuss it. 

That is no reason, however, why I 
should not discuss some of the water 
problems of the country and state some 
views regarding them, because, as you 
know, these problems have been very 


widely discussed by many great na- 
tional organizations for years. Quite 
a few of these organizations have 
themselves adopted what they believe 
to be adequate policy statements on 
the subject. Some of these groups are 
the Engineers Joint Council, the Na 
tional Reclamation Assn., the US 
Chamber of Commerce, and the Ameri- 
can Farm Bureau Federation. There 
are many others. 

The most interesting part of the 
water problem to me has been that 
there is not really much difference be- 
tween the recommendations of all of 
these organizations as far as the funda 
mental things that need to be consid 
ered. The points on which the groups 
agree are more numerous than the 
ones on which they differ. What I 
should like to impress most upon the 
minds of all of us, though, is the fact 
that there is no single water problem 
in the United States; that there are a 
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multitude of problems; and that they 
are nationwide, though not necessarily 
“national,” in scope. I should like to 
impress on you that many of the prob- 
lems are of state and local nature, but 
they are just as acute and require just 
as much thought and attention as do 
some of the more spectacular, so-called, 
“national” problems. 

It has not been so many years since 
there was a tendency to place at the 
head of the list of water policies, as 
the most important of them all, the 
control and development of our great 
river basins, coupled, in most part, 
with that vote-baiting phrase “cheap 
hydroelectric power.” I think all of 
us are now aware that we have tre- 
mendous water problems quite dis- 
associated from the major river cen- 
trols: a problem of stream pollution 
which is growing alarmingly in many 
parts of the country; great problems 
relating to our underground water, 
about which we do not know as much 
as we should; and great problems re- 
lating to adequate water supplies for 
growing population and industrial cen- 
ters. We should also be aware that 
we have substantial possibilities of 
working toward a solution of our 
water problem, as well as of problems 
of erosion and land protection, all of 
which are quite apart from the big 
river—big dam conception which was 
so long regarded as the answer to all 
water problems. This is good, because 
it approaches the water problem on a 
broad front, rather than upon that of 
a narrow, semipolitical one. The con- 
ception that any one dam or any two 
or three major and spectacular struc- 
tures can be any answer to the broad 
water problems of the United States is, 
I am sure, a conception that dominates 
the minds of some politicians and not 
the minds of those familiar with the 
problems of water. 


Jour. AWWA 


US Dept. of the Interior 


Most of you here are primarily en- 
gaged in the problem of water supply 
and distribution. The US Dept. of 
the Interior, which I have the honor 
to represent, is probably the largest 
water-distributing agency in the United 
States. Over the half century of its 
existence it has developed about 
7,000,000 acres of irrigated lands for 
which it provides water. Let us not 
overemphasize this total, however, for 
it represents only one-fourth of the 
irrigated acreage of the United States, 
the other three-fourths’ having been 
developed by local interests without 
federal aid. 

In the course of its developmental 
activities, the Dept. of the Interior has 
constructed numerous hydroelectric 
works and is also the marketing 
agency of hydroelectric energy from 
dams constructed by the US Corps of 
Engineers. It is now the distributor 
of approximately 12 per cent of the 
electric energy of the United States. 
Through the years, the program of 
reclamation has turned millions of 
acres of desert into highly fertile fields. 
The result of its program has been 
the creation of good farms, nice homes, 
prosperous cities and a_ profitable 
economy for dozens of areas in the 
United States. We may call these sec- 
ondary benefits and we may ignore 
them in our mathematical computation 
of benefit-cost ratios. Perhaps they 
have had no more effect on the na- 
tional economy than would the ex- 
penditure of similar sums have had 
elsewhere, but, at any rate, they give 
us tangible evidence of what man can 
do, and has done, by the intelligent 
application of water. 


Need for Water Survey 


There is no doubt that we have 
reached the time when an adequate 
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survey of the whole water resource 
problem is appropriate. The years 
since World War II have illuminated 
the fact that water is the one basic 
resource upon which all else depends, 
and this fact, fortunately, is becoming 
widely recognized by citizens gener- 
ally, as well as by you who are daily 
confronted with the problem. 

I can summarize quickly by saying 
that in many areas of the United States 
we are for the first time experiencing 
water shortages. We are beginning to 
find that underground water in many 
places is exhaustible. We are finding 
that there is a limit to which we can 
pollute our streams, either by munici- 
pal or industrial waste. And we are 
finding that the industrial demands for 
water are almost beyond comprehen- 
sion. We are finding that adequate 
water supplies in many cases are more 
determinative of the location of new 
industry than are electric rates, freight 
rates, or even raw materials. We 
are foreseeing inherent conflicts in 
the water resource problem that, as 
years go on, will really become “hot 
potatoes.” 

As populations and industrial uses 
climb, within some areas the tempta- 
tions toward water diversion and 
grave injustices to prior existing uses 
will grow more intense, and we will 
further find that turning to the federal 
government is not the solution to all 
our problems. We have had federal 
activity in the field of water resources 
from the beginning of our country. 
The Corps of Engineers, with its pro- 
gram of the improvements of rivers 
and harbors, is almost as old as the 
United States, although the transfer of 
its activities upstream, where no navi- 
gation in fact is involved, is much 
more recent in origin. The US Bu- 
reau of Reclamation is 53 years old, 
but it is dedicated primarily to the 
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seventeen western states, and, by law 
at least, its activities are directed to- 
ward the reclamation to fertility of the 
arid and semiarid lands of the West. 
It, too, has expanded its activities into 
other fields. The US Soil Conserva- 
tion Service Las been with us for many 
years, but the new program of the 
Dept. of Agriculture, under the recent 
Watershed Development Acts, as yet 
in the formative stages, bids fair to 
attack not only the water problem, but 
also the conservation problem 
from an entirely new concept. The 
US Dept. of Health, Education, and 
Welfare has substantial activities in 
the field of municipal and industrial 
water supplies and pollution, but has 
so far not found it necessary to exert 
all of the power with which it is vested 
to solve some of the problems involved. 


Need for Confidence 


Despite the passage of coordination 
acts and repeated adjurations of the 
Congress, I feel that we are still too 
much in pursuit of special programs 
of particular agencies without adequate 
coordination ; and I think it is no great 
secret that, in the past, there have been 
frequent conflicts and jealousies be- 
tween the groups operating in this 
field. It seems to me that a great 
weakness has been the rather narrow 
characteristic of many of our water 
proposals and the failure to recognize 
and to utilize adequately the tremen- 
dous reservoir of strength which is 
represented by local areas and by per- 
sons outside of government. 

We have not adequately drawn into 
our plans and our projects many of 
the resources of communities and tech- 
nicians which are available to us. I 
think we must recognize that there has 
been, and still is, criticism that un- 
sound projects have been fostered by 
federal agencies. Whether that criti- 
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cism is justifiable or not, some of you 
gentlemen are in a much better posi- 
tion to judge than I. I do know that, 
because of that criticism, there is not 
the widespread public confidence in 
many of these projects that there 
should be if the project is sound and 
if we are to proceed with the devel- 
opment. This is, I think, best evi- 
denced by the fact that in the water 
program of substantially every organi- 
zation of which | know—and that com- 
prises most of the more important— 
there is a recommendation that federal 
projects should not be submitted to 
the Congress until they have had a 
complete review by an independent 
board of engineers and other special- 
ists to evaluate their engineering and 
economic feasibility, particularly with 
reference to their potentialities for 
repayment. 

It is not wholesome that the criti- 
cism evidenced by these resolutions 
and declarations is being made. We 
ought somehow to be sure that our 
projects are in the public interest and 
are beyond dispute as to fundamental 
engineering and financial facts. This 
again emphasizes the fact that in many 
of these proposals we have not had 
the broad base of popular local sup- 
port and confidence that is so neces- 
sary if we are to proceed intelligently 
with a water resources program. 
Any plan which will eliminate these 
criticisms—or suspicions if you prefer 
—and will bring about unanimity of 
thought, not only among federal agen- 
cies but among the local people who 
are vitally interested, is, beyond ques- 
tion, one of the most desirable 
objectives. 


Local Participation 


Another situation which continues 
to evoke more and more attention is 
the substantial difference between 
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water resources programs as far as 
local participation and local contribu- 
tion toward benefits received are con- 
cerned. Our present programs vary 
widely, all the way from those in 
which local people and benefited areas 
are required to make full repayment 
with interest to the other extreme, 
where almost no local contribution is 
required. I certainly shall not under- 
take to solve that problem or even to 
discuss it, but I point it out to you as 
one which is clearly apparent to any- 
one surveying governmental activities 
in the field of water policy. 

Another problem which I have fre- 
quently discussed is the problem of 
laws relating to water. We vary 
across this country from the doctrine 
of appropriation on the one side to 
that of riparian rights on the other, 
with innumerable modifications of both 
in the various states. This is a prob- 
lem into which I have felt the federal 
government should not materially in- 
trude itself. The differences in cli- 
mate, in water supply, and in water 
use are so varied, and the need for the 
recognition of different rights in dif- 
ferent places is so apparent that any 
adaptation of water to its maximum 
beneficial use must necessarily require 
varied legal regulations. It seems to 
me this is a field in which water policy 
must be locally determined. 

There are some other activities re- 
lating to water which some of you 
have heard me discuss before, but 
which I think are worthy of mention. 
The first of these is underground 
waters—and that problem leads me 
directly into the subject of basic data. 


Underground Supplies 


We are a relatively young country, 
especially in the West, and we are dis- 
covering some areas in which our utili- 
zation of underground water supplies 
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is vastly exceeding their restoration. 
There are other areas in which it is 
safe to say that even our scientists 
have been surprised at the apparently 
inexhaustible water supplies beneath 
the surface. I think the US Geologi- 
cal Survey is recognized as one of the 
outstanding scientific organizations in 
the world—perhaps the finest—but 
even the Survey has had neither the 
time nor the money available to carry 
through many of its programs, which 
are becoming more and more impor- 
tant to an intelligent approach to some 
of these problems. 

Likewise, I have pointed out that 
many of our states have so far made no 
attempt to assert any controls or regu- 
lation of underground waters. But 
problems are arising : Can we tap these 
underground waters and carry them 
away to areas other than the land sur- 
face which covers them? Can we 
permit a drawdown to continue with- 
out limitation, once it becomes appar- 
ent that the ultimate effect is apt to 
be disastrous? Much as I disbelieve 
in governmental interference until it 
becomes essential, I cannot help but 
wonder if many of our states are not 
permitting to develop without regula- 
tion a situation which will greatly in- 
tensify the problems they will face in 
the years to come. 

Salt Water Demineralization 

Like everyone else, I suppose, | 
have been intensely interested in the 
program of the Dept. of the Interior 
on the demineralization of saline water. 
I suppose many of you are much more 
familiar with the problem than I, but 
for those of you who are not, let me 
say that progress is being made. The 
Dept. of the Interior has been engaged 
for several years, in consultation with 
the National Science Foundation and 
various other government departments 
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and agencies, in a program endeavor- 
ing to find some process for the de- 
mineralization of water by a method 
that will deliver substantial quantities 
at a cost which is within the reach of 
our economic, agricultural, and indus- 
trial potentials. The department has 
had $400,000 a year available for that 
program and, under the direction of 
Congress, the research has been han- 
dled largely by the method of grants 
to colleges and scientific and industrial 
organizations, in an endeavor to put 


to work some of the best scientific 
brains of the country. 
Much progress has been made. 


The original goals have already been 
exceeded and though the costs are 
still in excess of an amount which we 
would like to pay and still far too high 
for a competitive industry or for agri- 
cultural use, they are coming at least 
within sight of limited domestic use. 
We are at a point where the initial 
cost of energy in the process is about 
12 cents per thousand gallons and 
where investment and _ operational 
costs will probably double that figure. 
But the studies in possible use of solar 
energy, wind power, and geothermal 
energy, as well as conventional elec- 
tric power, are sure to bring that cost 
down. The groups involved are con- 
tinuing to work, and if the past 
achievements of American scientists 
and industrialists are any indication, 
they may yet evolve a process which 
will solve the problem. 

I need hardly point out to you the 
almost unbelievable effects that such 
a program, if successful, would have 
upon the world with its millions of 
acres of land that would be fertile with 
adequate water, with its millions of 
people not adequately fed, and with 
its relatively low productive capacity 
The possibilities are limited only by 
our imagination, 
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Weather Control 


The other fascinating subject, which 
is still in the embryonic stage, is the 
study of the potentialities of weather 
modification. On this matter, even 
our best scientific minds are reluctant 
to express opinions. The scattered in- 
formation, the potentiality of coinci- 
dences, coupled with known facts re- 
garding possibilities, make any defi- 
nite prophecies unrealistic. All that 
can be said is that weather modifica- 
tion is a potentiality recognized, I un- 
derstand, by the laws of eleven states, 
and one that is being studied not only 
in the United States, but also all over 
the world as a means of the partial 
control of water supplies. 

This brings me back to the text 
from which | have preached numerous 
sermons. A water policy must not 
confine itself merely to municipal 
water supplies, nor to the control of 
floods, nor to the irrigation of land, 
nor to the control of pollution. It 
must be broad and comprehensive ; it 
must consider all of these problems as 
a unified part of a program of the de- 
velopment of water resources. The 
amounts of money required stagger 
the imagination. We are told that it 
requires at least $200,000,000 a year 
to keep abreast of the hydroelectric 
requirements in the Columbia Basin ; 
we are told that it takes $150,000,000 
a year merely to keep abreast of the 
growth of the Tennessee Valley Au- 
thority; we are told that it requires 
about $750,000,000 a year to keep 
abreast of the problem of stream pol- 


Jour. AWWA 


lution. I do not have the figures, but 
we realize that there are hundreds of 
millions of dollars required annually in 
the field of municipal water supplies. 
The control of our floods and the de- 
velopment of our rivers and harbors 
could easily absorb another $700,000,- 
000 a year, and this is not to discuss 
in any manner the additional millions 
needed to bring many of these services 
to the benefit of the individual user. 


Full Participation 


This program, therefore, cannot be 
and should not be exclusively a federal 
program. The municipalities, the 
states, and their agencies have avail- 
able almost unlimited sources of capi- 
tal at interest rates no greater, and 
sometimes much less, than that of the 
federal government itself. For that 
reason we have been urging the widest 
participation in the water program by 
all levels of government, by all agen- 
cies, by private individuals and cor- 
porations—not only that they may 
bear a portion of the costs from which 
they directly benefit, but also that they 
may exercise a more potent voice in 
the solution of their problems. I have 
said repeatedly that not all wisdom 
reposes in the District of Columbia. 
Much of it relating to this problem re- 
poses in this very audience which I am 
addressing, and the participation and 
cooperation of all of you will make a 
great contribution toward solution of 
the water resources problem—the great 
problem of the country in the years 
that lie ahead. 


Regional Water Supply Planning for 
Northern Ohio 


Paul Belcher 
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Akron, Ohio. 


ORE than 40 years ago, the Ohio 

Legislature granted Akron the 
exclusive right to develop the water 
supply of the upper reaches of the 
Cuyahoga River—a watershed com- 
prising 207 sqmiles. Immediately 
afterwards, the city started work on 
Lake Rockwell, an impounding reser- 
voir formed by a hollow concrete dam 
located about 24 miles northeast of 
Kent, Ohio, Z80 ft in length, with a 
crest elevation 1,052 ft above sea level 
and 480 ft above Lake Erie. The 
reservoir has a water surface of 769 
acres and an available capacity of 2.3 
bil gal. Each spring, flashboards, 18 
in. high, are placed along the crest of 
the dam, thus obtaining an additional 
400,000,000 gal. 

A second artificial lake, East Branch 
Reservoir, located in the Cuyahoga 
watershed northeast of Burton, Ohio, 
was created by an earthen dam with 
concrete spillway at an elevation of 
1,132 ft above sea level. This reser- 
voir covers 420 acres, previding an 
available storage capacity of 1.5 bil gal. 

The land for a third reservoir in the 
watershed is now being acquired, 
When the artificial lake has been com- 
pleted, the possibility of constructing 
two more impounding reservoirs 
within the watershed will remain. If 
developed, one would be considerably 


larger than any now in existence or in 
progress. 

Although the upper Cuyahoga River 
can provide sufficient water through- 
out the year to supply the present 
needs of a city as large as Cleveland, 
the rapid population increase expected 
in the Akron area, combined with the 
increased per capita use of water now 
taking place, will probably require an 
even larger source of supply. When 
the Cuyahoga watershed has been de- 
veloped to the fullest extent economi- 
cally advisable, the next step, accord- 
ing to water engineers, will be to ex- 
tend a pipeline into Lake Erie. The 
Cuyahoga watershed is admirably 
suited to such a pipeline, for the Cuya- 
hoga_ River Geauga 
County, approximately 15 miles south- 
east of Lake Erie, flows toward Akron, 
and then empties into Lake Erie at 
Cleveland. A pipeline need be only 
about 15 miles long. Raw water could 
be pumped from the lake into the 
Cuyahoga River as needed to keep the 
reservoirs filled or to maintain an es- 
sential minimal flow of water in the 
river itself. After the water from 
Lake Erie had been lifted 550 ft to 
the river, gravity and Akron’s exist- 
ing water system would carry it the 
rest of the way. 
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Pipeline Planning 


Although it is obvious that Akron 
can get along very well now without 
a pipeline to the Great Lakes, public 
discussion on the matter is being fos- 
tered at this time, first because plan- 
ning must be done years in advance of 
necessity, and, second, because the 
public must be sold on an idea when 
they are receptive to it. The country- 
wide water shortages of the last few 
years have created the proper environ- 
ment for this undertaking. The Lake 
Erie Watershed Conservation Founda- 
tion, Inc., a nonprofit organization, 
will spearhead the task of public edu- 
cation about pipelines. In addition, 
the foundation plans to sponsor all re- 
quired preliminary engineering stud- 
ies. These will be made for the com- 


mon benefit of eight or nine counties 
in northeastern Ohio, some of which 
are within and some of which are with- 
out the Cuyahoga watershed, but all of 


which are within the Lake Erie Basin. 
It would be possible to supply all of 
these counties with water from Lake 
Erie by tapping Akron’s pipeline. 
Each county, alone or in combination 
witn others, could, of course, construct 
its own pipeline. If such a procedure 
would be the desirable thing to do, 
the studies might be expected to indi- 
cate it. 

It is the author’s belief that lay- 
men, including himself, should look 
to the professionals for leadership 
while helping them to reach the de- 
sired goals. Laymen can often say 
and do things the professionals are 
not in position to initiate or to empha- 
size repeatedly. Before volunteering 
such assistance, the laymen must be 
properly educated if they are to do 
the cause of adequate water develop- 
ment good instead of harm. The 
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water experts must be willing to teach 
the laymen so that they do not get 
their information from well inten- 
tioned, but uninformed, persons. 

Two potential problems seem to be 
inherent in the water utility field: ade- 
quate distribution and sufficient water 
supply. If either one fails to meet the 
demands of consumers, king-sized 
headaches often result. Time and 
money can usually correct all troubles 
caused by inadequate distribution fa- 
cilities. Insufficient water supplies, 
however, often present basic problems 
incapable of such solution. Many 
communities are dependent upon the 
available surface and ground water. 
Others are able to tap principal rivers 
and fresh water lakes because of their 
proximity. 


Resources of Great Lakes 


No area in the United States is 
more highly favored in the matter of 
supply than the watershed of the Great 
Lakes. These natural reservoirs are 
capable of supplying indefinitely the 
needs of all future inhabitants of the 
Great Lakes Basin, including all pos- 
sible industrial activities. No other 
section can approach this inexhaustible 
attribute of the Great Lakes region 
until it is learned how to obtain fresh 
water from the sea in adequate 
quantities without prohibitive expense. 
Meanwhile, most cities must depend 
on rainfall and its conservation for fill- 
ing water requirements. Ground 
water, of course, originates from rain- 
fall, too, somewhere at some time. 

A growing population is demanding 
more water, a trend evident every- 
where in both domestic and industrial 
water consumption. Air conditioning 
is now presenting many water utilities 
with problems. Water, an essential 
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raw material for practically every 
industrial operation, is required in 
huge amounts for chemical manufac- 
ture, smelting, paper making, produc- 
ing electricity, and numerous other 
activities. 

Under present water laws, everyone 
must ordinarily satisfy his needs from 
his own watershed or water system; 
from a practical standpoint, there is 
seldom anywhere else to go. Al- 
though arbitrary political lines, such as 
city or county boundaries, no longer 
designate satisfactory water distribu- 
tion areas, cities often possess vested 
rights in the only existing water sup- 
plies. Such municipalities must even- 
tually serve all water needs within 
their watersheds or risk being stripped 
of their exclusive water rights. Water 
should be sold to everyone willing to 
pay for it. Where possible, price 
should do the rationing. If appropri- 
ate legislation must first be enacted, 
or constitutional changes be made, 
careful study is necessary to determine 
exactly what should be done. In Ohio, 
for instance, a constitutional provision 
restricts the amount of water a city 
can sell to water users outside the cor- 
porate limits to one-third of all water 
distributed. That provision must be 
revoked before Akron can fulfill its 
obligation to all water users within 
the Cuyahoga watershed. 

When all possible uses of water can- 
not be met from an available supply, 
the uses must be classified, so that the 
most essential are given the highest 
priorities. Water utilities, both pub- 
licly and privately owned, must antici- 
pate the needs of prospective water- 
shed customers and, where possible, 
must keep supplies well ahead of such 
requirements. 

In many parts of the United States 
development of water supplies has defi- 
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nite limitations. Because no one can 
conserve or use more water than na- 
ture provides, economic growth must 
be restricted in such areas. 
Fortunately, no city located in the 
watershed of the Great Lakes need 
face such a future. Each municipality 
has the means of ascertaining how it 
can tap one of the lakes and how much 
it will cost. Most towns already have 
authority to act on the matter. Such 
simple recourse applies only to com- 
munities that can put the used water 
back into the same watershed from 
which the raw water was taken, be- 
cause diversion from one watershed to 
another is a different affair. Cities 
that want to take water from the Great 
Lakes and discharge it into the Ohio 
or the Mississippi must obtain Con- 
gressional approval and, probably, a 
change in the treaty on this subject 
between the United States and Canada. 


Conclusions 


The author has no interest in call- 
ing upon the federal or state govern- 
ment to do for Akron what the city 
can do for itself. Modern water laws 
are needed, but the city does not want 
to transfer its rights to a powerful 
watershed district, state or federal, in 
which it would have little or no voice. 
Akron recognizes that its position in 
the Cuyahoga watershed and its vested 
water rights, as presently developed 
and as capable of being developed, 
make it imperative to supply water to 
all persons on the watershed who must 
look to Akron’s source of water for 
their needs. If water is denied to 
people and industries having no other 
place from which to secure it, Akron 
would be risking divestment of its 
rights by the legislature. 
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Water is a necessity of commerce, 
industry, and life. Every city in the 
Great Lakes watershed that would 
take advantage of the economic oppor- 
tunities of the coming St. Lawrence 
Seaway should insure itself an ade- 
quate water supply without further 
delay. For many communties within 
subsidiary contributory watersheds, 
such a procedure could be a coopera- 
tive effort. An adequate water supply, 


regardless of cost, must precede the 
influx of new industries or even of 
great expansion of existing operations. 
Industry can and will go where neces- 
sary facilities are already available. 


Wendell R. LaDue 


Chief Engr. & Supt., Bureau of Water 
Supply, Akron, Ohio. 


In a recent article about Ohio (1), 
Bentz Plagemann said: 


Ohio—the All-American State, where 
virtue is enshrined, where the great mid- 
dle class is royalty, and the good abun- 
dant life is part of the heritage. 

Ohio is the state of middle dreams, 
the state of normalcy. Ohio is neither 
East nor West nor South. It just sits 
where it is, and never shouts to make it- 
self heard—it just speaks on in its calm, 
flat, unregional, unaccented, uninflected 
voice. But what Ohio says in that voice, 
and what it has said in the past, has af- 
fected you, for better or for worse, and 
even whether you like it or not. 

The bounty of Lake Erie presses down 
on the top of Ohio, and the state bends 
with its weight, and at the bottom, the 
river flows, the Beautiful Ohio, where 
the moonlight glows, where the barges 
float by carrying the hard-earned wealth 
down to the great Mississippi. Ohio 
stands straight between its straight bor- 
ders, plain and full of common sense. 

Let us take as our point of departure 
Sandusky, that port west of Cleveland on 
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Akron is now engaged in developing 
to the fullest extent economically feasi- 
ble the rainfall that is deposited in the 
upper Cuyahoga watershed. Maxi- 
mum development of all other lakes 
and reservoirs, as well as surface and 
ground water, is also under way. 
When these undertakings have been 
completed, Akron’s first pipeline will 
surely be extended into Lake Erie. 
The several projects involved will be 
complementary to one another. Every- 
one in the entire Cuyahoga watershed 
will be the ultimate beneficiary of these 
enterprises, 


Lake Erie. If you know New England 
it will seem familiar to you, but in spite 
of the familiar names there is something 
alien to New England here, and suddenly 
you know what it is. This is fresh 
water, this vast inland sea _ stretching 
away to the horizon, and instead of the 
taste of salt in the air there is a clear, 


cool, woodland scent.* 


In quite a different vein appeared 
an advertisement (2) of the Cleveland 
Electric Illuminating Co., part of 
which follows: 


St. Lawrence Seaway makes possible— 
in northern Ohio—plant opportunities 
never before equaled in America. The 
best location in the nation is now better 
than ever! With the St. Lawrence Sea- 
way, a long-time dream of industry is 
now about to come true. For the first 
time in history, industries will be able 
to have the advantages of a “heart land” 
location—in the midst of the nation’s 
greatest markets and resources—com- 
bined with low-cost ocean shipping to or 


* Reprinted by special permission from 
HOLIDAY, copyright 1955 by the Curtis 
Publishing Co. 
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from anywhere in the world! Within 
a 500-mile radius of this northeast Ohio 
area (this new frontier of opportunity) 
are over half the people in the country— 
eleven of America’s fifteen largest cities. 
At hand, or within a short haul, are most 
of the basic materials of industry—fresh 
water, coal, iron, salt, limestone, and 
many others.... With the Seaway 
scheduled for completion in five years, 
the time to plan for plant location along 
Ohio’s “Seaway Shore” is during the 
coming year. 


In the report of the Mississippi Val- 
ley Committee of 1934 appears this 
quotation: “Make no little plans. 
They have no magic to stir men’s 
souls.” Northern Ohio is not making 
little plans. In fact, its present think- 
ing about water supply is stirring 
men’s souls by its magnitude, vision, 
and daring. Plainly speaking, the 
economy of the Lake Erie watershed 
in northern Ohio requires more water 
than is now available for development 
unless Lake Erie is used as a primary 
source. Equally plain and painfully 
apparent is the fact that water sup- 
plies must be planned and developed 
to meet future growth, or water short- 
ages of the past will appear mild by 
comparison, 


Need for Regional Approach 


A regional approach is obviously 
necessary. It has been said that the 
entire Atlantic seaboard from New 
England to Virginia is in reality one 
regional population mass, requiring a 
coordinated, cooperative water supply 
effort. A similar, though smaller area, 
is the south shore of Lake Erie, from 
Buffalo, Erie, Cleveland, and Toledo 
to Detroit. The Lake Erie watershed 


in northern Ohio, comprising about 
12,000 sq miles is considered the most 
valuable 


asset of QOhio’s water re- 
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sources. This section, only 29 per 
cent of the state, contains 3,250,000 
people, or 41 per cent of the state’s 
inhabitants. Ohio possesses 3,540 sq 
miles of the 4,990 sqmiles of Lake 
Erie in the United States. By volume 
Lake Erie would make ten Lake 
Meads and would require 2} years to 
fill at a conservative inflow of more 
than 200,000 cfs, or 130 bgd. Con- 
sider the import of 130 bil gal passing 
into the lake each day. Compare this 
amount with the area’s present esti- 
mated extremely high use of 1,300 gal 
per capita per day, or a total of 4 bil 
gal. There can be no thought of water 
shortage in any part of northern Ohio, 
where no area is more than 100 miles 
from the lake front and where the bulk 
of that territory lies within less than 
50 miles. The problem is largely one 
of delivering the supply with economy 
and efficiency. Water, although a low- 
priced commodity, is an indispensable 
item, so much so that any effort is 
justified to provide it. Many sections 
of the United States have gone far 
greater distances at much more ex- 
pense than Ohio must. 


Legitimate Uses of Water 

These are the legitimate uses of 
water in Ohio: 

1. Domestic and industrial consump- 
tion represents the orderly and func- 
tional activities of a community in pro- 
viding its people and its industries 
with a basic requirement. 

2. Production of food may appear 
to fall only within the scope of a highly 
developed commercial farming area, 
but in northern Ohio there are many 
acres of farmland which demand large 
volumes of water at critical times in 
the growing period. Further, water 
used in the processing and packaging 
of food often produces waste difficult 
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to handle, yet which may legitimately 
be discharged into a body of water. 
Not to be overlooked, commercial fish- 
eries in Lake Erie deliver tons of 
edible fish yearly to northern Ohio 
communities. 

3. Wastes disposal is a use of water 
which, if not properly controlled, could 
result in an obnoxious situation. Sani- 
tary engineers know waste disposal 
can be controlled at a cost legitimately 
chargeable against the producer, who 
may be an industry or group of indus- 
tries, a city or group of cities, or large 
domestic and agricultural areas. 

4. Recreational pursuits on Lake 
Erie and its contributory streams in- 
clude fishing, boating, canoeing, sail- 
ing, bathing, waterfowl hunting, and 
water sports. Lake Erie’s shores and 
its streams are dotted with summer 
residences for individual families and 
recreational areas for large groups. 

5. Production of power and cooling 
is represented almost entirely by the 
use of water for cooling purposes in 
steam power plants and large indus- 
tries. Enormous volumes of water are 
released, in general, with little con- 
tamination or deterioration. Power 
and cooling demands will, however, in- 
crease in proportion to domestic and 
industrial development of the area. 

6. Navigation and _ transportation 
will become even more extensive with 
the advent of the St. Lawrence Sea- 
way. The expenditure of many mil- 
lions of dollars for water development 
to assure the fullest use of the seaway 
seems justified. 

Each separate phase of the legiti- 
mate water uses just presented has a 
right to assert itself to secure fulfill- 
ment of its needs. Competition, bound 
to develop when satisfaction of needs 
requires the use of the same or adja- 
cent waters, often results in frictions. 
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Thus, one or more of the legitimate 
uses may require resolution or adjudi- 
cation of conflicting interests. Control 
or allocation may be the answer, but 
Ohio must develop a form of regional 
cooperative effort and use far more 
practical and workable than any de- 
vised to date. 

After 10 years, Ohio is faced with 
a developing atomic age, a regional- 
area population 25 per cent greater, 
and a doubled tax duplicate. A basic 
difference in distribution has been 
caused by by decentralization, the exo- 
dus to and the development of “Su- 
burbia.” The water works industry is 
worried at Suburbia’s continuing, ac- 
celerating growth and about these fac- 
tors: industrial development, employ- 
ment, home construction, population, 
tax duplicate, income. The percentage 
increase of these items in Suburbia 
leads the parent areas in northern 
Ohio. Elmer L. Lindseth, President, 
Cleveland Electric Illuminating Co., 
said in May 1955: 


This [higher average family income] 
is a mighty significant fact, that nine in 
every ten suburban census tracts have a 
higher average income than the median 
for all tracts within the central city. It 
adds a new economic dimension to the 
quantitative evidence of decentralization 
we have been examining. It clearly 
shows who it is that is moving to the 
suburbs, and who it is that is being left 
behind in the central city. The pros- 
perous elements are going, and the mar- 
ginal income families remain. This is 
by no means surprising, but it is tre- 
mendously significant. It points up the 
fact that quantitative decentralization is 
accompanied by economic centralization: 
the concentration of purchasing power, 
job security, and high taxability in the 
suburbs; and of low income, marginal 
employment, and high welfare and relief 
needs in the central city. 
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Future Conditions 


In northern Ohio in 1965, the au- 
thor expects that decentralization will 
have continued, the St. Lawrence Sea- 
way will be a reality, population will 
have increased another 25 per cent, 
and the tax duplicate, including Su- 
burbia, will have risen at least an- 
other 50 per cent. In addition, all 
vital facilities and services will have 
followed and met the trend by careful 
and courageous utilization of an area 
of virtually unlimited potential. Ohio 
will have mastered the art of urban 
regeneration, suburban expansion, and 
regional cooperation. 

Beyond a reasonable doubt, 10 years 
from now the state will have suc- 
ceeded primarily because it arrived at 
a solution to the conflicting uses and 
needs of water. Northern Ohio is 
keenly aware of its water potential. 
Only water is a regional basic neces- 
sity. In 1965 it will no longer be 
taken for granted that large central 
cities must finance services for areas 
beyond their limits because of an un- 
realistic and illogical bond of neces- 
sity. A new type of regional political 
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entity may have been evolved, per- 
mitting cooperation without the full 
loss of local autonomy and responsibil- 
ity. It will not be easy and each prob- 
lem will be different. The water in- 
dustry will be in the vanguard of fu- 
ture developments. The northern 
Ohio water utilities have already rec- 
ognized their needs, acknowledged 
their shortcomings, and agreed to sit 
down together. 

Frankly, the all-important political 
solution cannot be described because 
it has not yet been found. It is rec- 
ognized and pointed out that such a 
solution is needed. A_ surprisingly 
large number of civic leaders have al- 
ready developed an approach to the 
problem of working with each other 
for mutual benefit. The water supply 
field is proud that it has pioneered 
new developments in northern Ohio, 
an area that is a “heartland” location 
in the midst of the country’s greatest 
markets and resources. 
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Correction 


In the article, “Factors Affecting the Determination of Fluoride in Water 
With Zirconium-Alizarin,” by William L. Lamar and Paul G. Drake (June 
1955 JouRNAL, the second sentence of the last paragraph on p. 567 is in error. 


The paragraph now reads: 


Shown in Table 4, the effect of acidity, increasing the fluoride reading, be- 
came observable at and below pH 4.0. At this point, the effect is equivalent to 


only + 0.02 mg fluoride... . 


The correct value is + 0.002 mg fluoride. 


Similarly, in the second column of 


Table 4 (p. 571), all the fluoride error values are too high by a factor of 10; 
thus, for example, at a pH of 2.2, the fluoride error is 0.012 mg, not “0.12” mg 


as given. 


Readers desiring to correct their June copies will find a corrected 


version of Table 4 in the current issue, on p. 86 P&R. 
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Water Rights Policies in the Southeast 


Clair P. Guess Jr. 


A paper presented on Mar. 22, 1955, at the Southeastern Section Meet- 
ing, Savannah, Ga., by Clair P. Guess Jr., Executive Secretary, State 
Soil Conservation Committee, Columbia, S.C. 


AILURE of a supply to meet basic 
water needs will cause distress in 
any section of the United States. 
Every state and most foreign countries 


have—as part of their general property 
laws—laws governing the use of 
water. The states have dealt with 


rights of water use by recognizing, 
usually in modified form, the theory 
of the common law, by initially adopt- 
ing the doctrine of statutory appropri- 
ation, or by initially adopting the com- 
mon law and later changing over to 
the appropriation principle. 

The western states have all chosen 
the appropriation doctrine either ex- 
clusively, as in the Rocky Mountain 
States, or in large part, as in the Pa- 
cific Coast and Great Plains states. In 
the Rocky Mountain States, the ri- 
parian doctrine was repudiated com- 
pletely in favor of the doctrine of ap- 
propriation, either by law or by con- 
stitutional provision. Other states 
have superimposed such principles on 
a system recognizing common-law 
rights in use at the time of the adop- 
tion of the appropriation procedure. 
Some of the Great Plains States have 
moved steadily to reduce the impor- 
tance of the riparian doctrine, because 
it has proved unworkable in meeting 
development and conservation needs. 
It has also become necessary for the 
eastern states to regulate the diversion 
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and use of water. The common law 
was adopted early by many states, al- 
though some, such as New Jersey, 
New York, and Pennsylvania, impose 
strict control on the use of ground 
water in overdeveloped areas. 
Recognition of the appropriation 
doctrine applicable to ground water 
has taken a somewhat slow and varied 
course. Several states have appropri- 
ation statutes for ground waters. Cer- 
tain phases of the regulation of ground 
water are left to local groups, because 
of the variation from place to place 


in conditions of supply, use and 
replenishment. 
South Carolina, like many other 


states, adopted the common law of 
England long before the American 
Revolution. After the revolution, this 
state acquired rights in its defined 
waters or watercourses which it did 
not previously have. The riparian law 
of watercourses was adopted in 1837 
in connection with a dispute between 
two mills on the same stream. Devel- 
opment of this law since that date, 
however, has been comparatively lim- 
ited and has been concerned mainly 
with deciding reasonable use in terms 
of quantity and quality. Thus, pollu- 
tion control first arose in court deci- 
sions on the riparian law of water- 
courses. Detention of water for a few 
hours has been held a reasonable use, 
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but longer storage or diversion for 
nonriparian use has been held to be 
unreasonable. 

Until the early 1930's, consumptive 
use of water was limited largely to 
domestic and municipal purposes, 
while nonconsumptive use of streams 
was for such purposes as navigation, 
power generation, and wastes disposal. 


Need for Increased Supply 


There has been a pronounced ac- 
celeration in land use and water man- 
agement programs in recent years, 
particularly in the piedmont and 
coastal areas, but the most rapid de- 
velopment took place during and just 
after World War II, a situation ac- 
companied by greatly increased con- 
sumption of water for irrigation, live- 
stock raising, industries, and munici- 
palities. Part of the additional supply 
has come from ground water sources. 
Low-cost power on the farm has been 
an important factor in the use of both 
surface and ground water for irriga- 
tion. Lands that never before pro- 
duced crops of any kind are now being 
developed through use or control of 
ground water to provide forage for 
livestock. 

Recent conflicts among water users 
have been brought about by these 
factors : 


1. Industrial expansion and devel- 
opment demands increasing quantities 
of high-quality water. 

2. The products of industry, con- 
tributing to a higher standard of liv- 
ing, tend to increase the daily per 
capita requirements. 

3. Population increases necessitate 
greater sources of supply. 

4. Population shifts from rural to 
urban and industrial centers increase 
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the demands for water at the growing 
localities. 

5. Experience and research has led 
to greater use of water in agriculture. 
Riparian Rights 

When expanding agricultural, in- 
dustrial, municipal, and _ recreational 
demands for water develop where sup- 
plies are limited, the determination of 
who has a legal right to use the water 
must generally be sought in a court, 
whose only guidance in most south- 
eastern states is the riparian rule of 
law. Essentially this principle of the 
common law is generally interpreted 
to mean that an owner of land adja- 
cent to a flowing stream and lying 
within the immediate watershed of 
that stream has a right to have the 
water run past in undiminished quan- 
tity and unimpaired quality. Each 
riparian owner, however, may make 
reasonable use of the water for his 
own particular needs, as long as he re- 
turns the flow to the watercourse be- 
fore it leaves his property. Because 
he is not charged with evaporation or 
seepage losses or for the impairment 
in quality if his use is reasonable, the 
stream may be depleted in quantity or 
impaired in quality. 

Considering the general interpreta- 
tion of riparian law, water may not 
be diverted from riparian to non- 
riparian land without the prior consent 
of the riparian owners on the stream 
or the authorization of the state legis- 
lature, and the vested rights of the 
riparian owner must be fully pro- 
tected. Riparian owners tend to con- 
trol the surplus water above their 
needs unless the state provides for its 
disposition. Riparian rights arise only 
by ownership of land, not by use of 
water. Such rights, however, may be 
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lost by another’s gaining a prescrip- 
tive right to the same water. 

The right-in-common of all the ri- 
parian owners along a stream is satis- 
factory under a simple type of economy 
in which water use is mainly of the 
so-called natural, nonconsumptive types, 
such as livestock raising, domestic em- 
ployment, fishing, hunting, and navi- 
gation. When shortages are created 
by industrial and agricultural expan- 
sion or drought, and when water uses 
become more consumptive and artificial 
in nature, however, the riparian right 
is less suitable in that it is indefinite 
as to amount, time, and place of use, 
factors of importance in periods of 
scarcity. 

The risk and insecurity involved in 
riparian rights, the lack of emphasis 
upon beneficial use, and the fact that 
the doctrine does not ordinarily permit 
diversion to nonriparian lands present 
problems in an expanding economy. 
There are large areas in the Southeast 
which are not riparian to any stream 
and which need more water. Under 
the riparian rule, a supposed injury 
must be created before a court can 
decide upon the correctness of any use. 
This system of rights leads to con- 
fusion, uncertainty, and insecurity in 
putting the abundant supplies of the 
Southeast to their best use. 


Legislative Grants 


Many states have already exerted 
the right to control and assign water. 
Industrial uses—particularly large hy- 
droelectric developments—and munici- 
pal improvements have often been 
granted specific water rights by legis- 
lation, including diversion from one 
stream to another or to nonriparian 
lands. Although rights gained by this 
method are secure, it is a cumbersome 
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process. If many consumers were to 
seek such guarantees, the programs of 
the state legislatures would be over- 
crowded, and a good deal of confusion 
and unwise and overlapping decisions 
would occur. 


Prescriptive Rights 


A prescriptive right to water is ac- 
quired through use that is adverse to 
the true owner of the water right. 
Such use must be open, notorious, and 
continuous for the statutory period. 
A prescriptive use cannot ripen into a 
valid water right if the use is permis- 
sive in the first place. 

The prescriptive right is for a definite 
amount of water at a specific time and 
for a particular place, as in the statu- 
tory appropriative right. All of the 
necessary points must be convincingly 
proved in court, but, afterwards, the 
right constitutes one of the best guaran- 
tees to continued usage that exist in 
law. A prescriptive right arises most 
often in periods of shortages and com- 
petitive uses. Because it is for a 
definite time and specific amount, it 
may take precedence over the riparian 
right. A prescriptive right is exclu- 
sive, in contrast to the riparian right- 
in-common. The concept of mutual 
prescription among ground water users 
may be involved in prescription. Dam- 
age by or to water, as well as the use 
of water, is involved in the doctrine of 
prescription, which encourages use of 
water, and allows improper extraction 
to form the basis for future rights. 


Appropriative Rights 

An appropriative right is authorized 
by statute, but the user must comply 
with all the requirements of the law. 


He may not be denied his right as long 
as vested rights and the public interest 
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are not adversely affected. The per- 
son first appropriating water and put- 
ting it to beneficial use within a rea- 
sonable period of time acquires a prior 
right to continued reasonable use. 
Inasmuch as beneficial use is the es- 
sence of appropriative right, appro- 
priation statutes place primary empha- 
sis upon encouraging the sound 
development, wise use, conservation, 
and protection of water. 

The appropriative right principle is 
a conservation and beneficial-use pol- 
icy which provides for the quantitative 
division of available supplies. As long 
as there is sufficient water in the 
stream or other source of supply to 
satisfy all appropriative rights, it is 
fully dependable. In times of short- 
age, however, the earlier valid rights 
take precedence. Thus, the appropri- 
ative right is exclusive and more de- 
pendable than the riparian right-in- 
common. 

An appropriative right permits water 
to be taken from property adjacent to 
a stream and transported to lands 
which are not adjacent or which lie 
beyond the watershed. Such proce- 
dures are often essential to industries, 
municipalities, and farms on high 
ground away from watercourses. The 
appropriation laws recognize the rela- 
tionship that exists between surface 
and ground waters, whereas the ri- 
parian laws usually do not. The ap- 
propriation principle seems to suggest 
a solution to some of the mounting 
problems in the field of water use and 
management. Many areas and com- 
munities of the United States have 
come to realize that further industrial 
or other expansion is limited by water 
supplies. Investors are beginning to 
check not only the quality and quantity 
of water in a locality, but also to the 
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legal rights and protection in the use 
of such water. 


Answers to Problems 


During shortages, everyone wonders 
what was done in the past that was 
wrong and what can be done in the 
future to prevent both floods and 
drought. An answer to the problem 
seems to lie in balancing supplies 
against demands. Better watershed 
protection programs must be organ- 
ized, along with good systems of im- 
pounding rainfall, which must be put 
to its most beneficial use. 

Congress in 1954 passed three acts, 
whick the author believes can help 
solve local problems with some federal 
assistance. The Small Watershed and 
Flood Prevention Act (Public Law 
566) is designed to assist communities 
in developing small watersheds. The 
federal participation would end pri- 
marily with technical assistance and 
some funds to prevent floods in these 
areas. Additional storage capacity in 
impounding structures can be provided 
for areas willing to assume the extra 
cost. 

The extension of the Soil Conserva- 
tion and Water Facilities Loan Act 
allows individual farmers to borrow 
up to $25,000 for developing water 
sources. For acceptable groups, this 
limit is $250,000. These funds may 
be used in conjunction with Public 
Law 566. Another aid to the develop- 
ment, conservation, and wise use of 
water is the Amended Federal Revenue 
Code of 1954, which allows the cost of 
improvements for conservation to be 
counted as an operating expense for 
tax purposes. The present Congress 
is considering the Small Reclamation 
Projects Bill, which will aid limited 
areas. 
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Some recognition and help in con- 
servation and development is now be- 
ing granted to the Southeast, after 
being limited to the West for nearly 
40 years. In addition, there is need 
for the adoption of a water law that 
will secure the rights of the borrowers 
and investors under federal loans. 


Requirements for Future 


The Southeast is bountifully sup- 
plied, on an overall basis, with water, 
climate, forest, and many other factors 
essential to economic growth. The 
distribution and dependability of rain- 
fall and streams, however, vary mate- 
rially in time and place. Definite rules 
must be established in the field of water 
management for future growth. Some 
form of the appropriative system in 
water law, combined with portions of 
the existing common law, will prob- 
ably offer many new opportunities to 
the Southeast, if the combined principle 
is adopted in proper form to meet the 
needs of individual states. Measures 
for this purpose should : 
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1. Protect future investments in the 
use of water 

2. Develop an orderly system for 
acquiring new rights to water use 

3. Protect and uphold all present 
existing valid rights to the use of water 

4. Discourage the wasteful and de- 
structive use of water 

5. Encourage a sound system of bal- 
ancing supplies and demands through 
carefully planned development 

6. Help evaluate locations for indus- 
trial development to prevent conflict 
in water use in the forseeable future 

7. Protect municipal supplies with 
reasonable guarantees for future ex- 
pansion without need for frequent re- 
sort to costly condemnation proceedings 

8. Help adjust sectional competition 
in agricultural production. 


Leadership and foresight is neces- 
sary in the solving of water problems. 
Great opportunities lie in working to- 
gether with soil conservation districts, 
farmer organizations, chambers of 
commerce, industrial organizations, 
and other groups. 
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State Water Resources Legislation in 1955 
Panel Discussion 


A panel discussion presented on Jun. 13, 1955, at the Annual Confer- 


ence, Chicago, Ill. 


Introduction—Stephen W. Bergen 


A paper presented by Stephen W. Bergen, Research Assoc., Conserva- 


tion Foundation, New York, N.Y. 


TATE water legislation is arousing 

wide interest because of the rapid, 
unending rise in water use, which re- 
flects a steady population growth, the 
flight to the suburbs, the increased 
needs of industry, and the spread of 
irrigation east of the Mississippi in 
recent years. Other factors behind 
such concern are the rise in average 
personal incomes and the additional 
amount of leisure time, which enable 
more and more people to enjoy the 
recreational values of water. 

The mere mention of these trends 
—economic and social changes which 
interact with each other—suggests the 
magnitude and complexity of the job 
that the states have before them in the 
field of water control. Obviously, 
every sector of a state’s economy must 
be taken into account as ways of guid- 
ing water development and use are 
worked out. A report (1) prepared 
in 1953 by New Hampshire states : 


It is already apparent that fish and 
wild life, hydro-power, pollution, flood 
control, manufacturing, forestry, recre- 
ation, water supply, and an endless list 
of human values revolve around water, 
not separately, but in a complex of inter- 


relationships. This investigation has re- 
vealed the tremendous number of public 
agencies and the multiplicity of interests 
that are concerned with the control and 
use of our water resources. In most 
cases, public policy is divided among 
several agencies; in some cases, there is 
no public policy; and in other cases, the 
policy of one agency is directly opposed 
to the policy of another. 


On their own level, the states face 
many of the same knotty questions 
that concern the federal government. 

The western states, especially those 
in the drier regions, have always been 
active in developing and preserving 
water resources. Some states, such as 
Ohio, North Carolina, and Illinois, in 
the eastern part of the country have 
also had relatively water 
programs for a number of years. The 
outstanding fact at the present time, 
however, is that so many states have 
become water conscious and are now 
studying water problems. Many states, 
such as Tennessee and Kentucky, have 
appointed special commissions to deter- 
mine resources and needs. The diffi- 
cult matter of water rights legislation 
has been receiving particular attention, 
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notably in the South, as well as in the 
Midwest. The following regional re- 
ports present the history of some of 
the water rights bills recently intro- 
duced in state legislatures. A great 
deal of the work of these bodies, how- 
ever, has dealt with other aspects of 
the water picture, such as the planning 
and financing of water developments 


Most of the legislative activity in the 
North Atlantic States has been of a 
preliminary nature, not yet nearly 
adequate to cope with the serious prob- 
lems faced in many of the states 
involved. 


Maine 


According to J. Elliott Hale, chair- 
man of the Water Pollution Com- 
mittee of the Maine Water Utilities 
Assn. (1), this state has already clas- 
sified the quality of about 10,000 miles 
of its waterways. An additional 8,000 
miles are to be determined by the pres- 
ent legislature, leaving about 12,000 
miles unlabeled, a good portion of 
which will be quite difficult to im- 
prove. Hale also lists these resolu- 
tions or acts concerning water pollu- 
tion control : 

1. No. 1,092, to study all phases of 
stream pollution and authorizing $75,- 
000 for the work (about $250,000 will 
be required ) 

2. No. 1,204, to add members to 
the Water Improvement Commission 
(two additional members to the seven- 
man board are proposed in order to 
overcome the alleged influence of two 
other persons ) 


North Atlantic States—Charles H. Capen 


A paper presented by Charles H. 
Dist. Water Supply Com., Wanaque, N.J. 
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and the establishing of water conserva- 
tion districts. 
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Capen, Chief Engr., North Jersey 


3. An unnumbered act, to create an 
authority for each river basin in the 
state 

4. No. 1,331, to classify municipali- 
ties and industries with the aim of hav- 
ing the former set aside money each 
year to build up a reserve for waste 
treatment. 


Massachusetts and Connecticut 


Massachusetts. Governor Herter 
assigned state commissioners on natu- 
ral resources, agriculture, public health, 
commerce, public works, and metro- 
politan districts to study and report on 
the purity and quality of Massachu- 
setts water supplies. 

Connecticut. Connecticut is appar- 
ently concerned with these three items 
that are to be studied after the estab- 
lishment of a Water Resources 
Commission : 


1. A sharp increase in the use of 
irrigation waters by Connecticut 
agriculture 

2. Competition between cities for 
water supplies 

3. Removal of ground water at an 
alarming rate through gravel-packed 
wells. 
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Delaware and Pennsylvania 


Delaware. On Apr. 1, 1955, the 
Delaware Water Resources Study 
Committee submitted a very compre- 
hensive report on the water supplies of 
the state (3). This, one of the most 
complete documents on the statewide 
study that has been produced, should 
serve as a very potent guide for future 
water developments in the state. 

Pennsylvania. The Pennsylvania 
legislature introduced a bill that would 
authorize a municipality to operate, 
control, sell, and lease facilities for 
the production, transmission, and fur- 
nishing of gas, electricity, steam, 
water, or sewage within or without 
municipal limits. Perhaps the most 
significant proposed act was one that 
would authorize joining New Jersey 
in permitting the construction (within 
50 years) of a dam at Wallpack Bend 
on the Delaware River to provide a 
water supply for both states. As of 
May 1955, the bill had passed the As- 
sembly, but not the Senate. When 
such action was not completed by Jul. 
1, 1955, the compact between the two 
states regarding the dam automatically 
expired. 


New York and Maryland 


New York. The New York City 
Board of Estimate approved an appro- 
priation of $85,350,000 to start the 
construction of the Cannonsville dam 
and reservoir on the west branch of 
the Delaware River. The ultimate 
cost is estimated at $140,000,000. 

Maryland. A bill introduced in the 
Maryland legislature early in 1955 
would permit Baltimore to issue $45,- 
000,000 in water bonds for tapping the 
Susquehanna River. This work is 
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now going ahead, and it may be as- 
sumed that construction permission 
has been granted by the legislature. 


New Jersey 


In New Jersey many water bills 
were introduced in the 1955 legislature 
because of the proposal by the North 
Jersey Dist. Water Supply Commis- 
sion to carry out the Round Valley 
Project on behalf of several communi- 
ties. Application for diversion rights 
has been made to the State Water 
Policy and Supply Council, and the 
first hearing on this manner has al- 
ready been held. 

Most people in northern New Jersey 
want the project, but a small block of 
senators from rural counties object. 
Bills submitted to the legislature range 
all the way from proposing a $300,000 
appropriation to buy the site (although 
this is only a fraction of the cost of the 
land), to a motion for holding a refer- 
endum to authorize spending $85,000,- 
000. Engineers have been engaged at 
a cost of $164,000 to make a further 
report, which some persons regard as 
unnecessary. 

At the end of May, a new bill was 
introduced to extend the date (from 
Jul. 1 to Dec. 31) by which time Penn- 
sylvania must approve the agreement 
permitting construction of a dam at 
Wallpack Bend. This action has been 
viewed in some quarters as an attempt 
to block the Round Valley Project. 

South Jersey has been promised a 
supply from the state-owned Wharton 
Tract. Some of the contemplated leg- 
islation calls for starting work imme- 
diately on this undertaking. Another 
bill provides for licensing those en- 
gaged in artificial weather control 
(rainmaking ). 
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To date, none of the bills discussed 
here has passed. Shortages of water 
in various parts of the state continue to 
plague the citizens. 


Other States 


No details about water legislation 
have been received from New Hamp- 
shire, Vermont, or Rhode Island. 


S. RAWLINS 


Southeastern States—G. S. Rawlins 


Jour. AWWA 


Most of the North Atlantic States 
have serious water problems, a fact 
shown by proposed legislation. More 
action and less discussion is needed in 
the future. 
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A paper presented by G. S. Rawlins, Vice-Pres., J. N. Pease & Co., 


Charlotte, N.C. 


The South Atlantic States generally 
follow both the law of riparian rights, 
as interpreted by the courts in a vari- 
ety of cases, and the law of statutory 
rights for certain users of water. Irri- 
gation in these states is now of small 
consequence, but will probably be 
enormous in the future. In North 
Carolina, the area irrigated in 1944 
was approximately 400 acres, but by 
1954 this amount had risen to 17,850 
acres. Tests have shown that the use 
of irrigation increases the yield of to- 
bacco about 300 lb per acre with an 
additional value of approximately 
$280. When the farmers become fully 
aware of such possibilities, the agri- 
cultural demand for water will be a 
very serious problem. 


Virginia 

Analysis of available material shows 
that Virginia has been active in the 
field of water resources legislation in 
recent years. In 1953, Governor Bat- 
tle directed the Virginia Advisory 
Legislative Council to study and re- 
port on the problem to the Governor 
and the General Assembly (1). The 
council was to provide appropriate 
suggestions for the establishment of a 


state comprehensive water code, de- 
signed to facilitate present and future 
economic development along sound 
and constructive lines. 

The final recommendations specifi- 
cally covered: definition of terms for 
clarity, creation of a water conserva- 
tion board, and establishment of a set 
of administrative and judicial proce- 
dures. A bill introduced in the 1954 
Assembly directed that the Virginia 
Advisory Legislative Council act ac- 
cordingly and report to the 1956 
Assembly. 


North Carolina 


North Carolina was made painfully 
aware of the problem of water re- 
sources by the severe drought of 1954, 
as well as by earlier experiences. In 
fall 1953, Governor Umstead appointed 
the Water Resources Advisory Com- 
mittee to consider the problem. This 
group later drafted legislation which 
was introduced in the 1955 General 
Assembly (2, 3). These bills state: 


The general welfare requires that the 
water resources of the state be put to 
beneficial use to the fullest extent of 
which they are capable, and that waste 
or unreasonable use, or unreasonable 
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method of use, of water be prevented, 
and that the conservation of such water 
be exercised with the view to the reason- 
able and beneficial use thereof in the 
public interest. 

. . . Natural bodies of water are pub- 
lic wealth of the state and subject to 
appropriation in accordance with the 
provisions of the proposed act, provided, 
however, that the act shall not deprive 
any person of any vested right in the 
use of water. 


These are the precedences that fu- 
ture appropriations of water for dif- 
ferent purposes will take: [1] water 
for human consumption ; [2] water for 
agriculture and industrial production ; 
and [3] water for other beneficial uses. 

This legislation was not passed by 
the 1955 General Assembly. There 
are many obvious difficulties to be re- 
solved in changing from common law 
to the completely different approach 
of appropriation. 

A law (4) was enacted (H.B. 962) 
which will enable the governor—in a 
water emergency in a specific area—to 
appropriate water within that locality 
and to regulate its use. This legisla- 
tion provides for a Board of Water 
Commissioners, whose assigned duties 
are as follows: 


1. To carry out a program of plan- 
ning, research, and education concern- 
ing the long-range use of water 
resources 

2. To maintain a general inventory 
of water resources 

3. To notify municipalities or other 
governmental units of potential water 
shortages or emergencies, with recom- 
mendations 

4. To file with the governor and 
General Assembly a biennial report of 
the activities with recommendations 
for improving, conserving, and using 
water resources 
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5. To make available to the public 
information on all legislation recom- 
mended by the board. 


South Carolina 


A competent authority has stated 
that South Carolina has been more ac- 
tive than any of the other South At- 
lantic States. The proposed North 
Carolina legislation is identical in its 
statement of policy with the policy of 
South Carolina. 

A study of water policy was initi- 
ated by the 1953 General Assembly, 
when the Senate, the House, and the 
Governor, appointed a joint committee, 
which did a fine job of assembling and 
weighing the facts. It recommended 
a new water policy for South Carolina 
and suggested to the 1954 Assembly 
legislation that would guarantee exist- 
ing vested rights to surface water that 
is being used for beneficial purposes. 
This bill provided for an orderly, legal 
way in which additional uses could de- 
velop. An antiquated doctrine would 
have yielded to one based on a realis- 
tic approach to present and future 
water use, but the act was not passed. 
An amended bill was introduced in the 
1955 Assembly. Further effort was 
apparently made to clarify the meaning 
and extent of “vested right.” Accord- 
ing to recent reports, this legislation is 
tied up in the Senate Agricultural 
Committee with no chance of being 
released during the present session. 

C. P. Guess Jr. discusses the phi- 
losophy and the problems of the pro- 
posed new water policy in a paper on 


p. 840 in this issue. 
Georgia and Florida 


There is nothing significant to re- 
port for Georgia. The State Water 
Law Revision Commission—whose 
purpose it is to study and recommend 


850 


changes in water laws—has no current 
actions now pending. 

According to Frank E. Maloney, 
the present status of water laws is ex- 
tremely uncertain (5). Older case 
law adopts the English common law of 
riparian rights on surface streams and 
allows complete freedom of withdrawal 
to owners of land overlying ground 
water supplies. More recent case law 
seems to modify these rules by engraft- 
ing the principle of reasonable use as 
a limitation on the landowner’s abso- 
lute rights. 

Although the situation is not yet 
generally critical, the legislature is ex- 
pected to appoint a study commission 
to report in 1957. 


Cc. H. BECHERT 


Ohio Valley States—C. H. Bechert 


Jour. AWWA 


Alabama and Mississippi 


There has been considerable legisla- 
tive activity in Alabama. Informa- 
tion is not available for Mississippi, 
West Virginia, or Louisiana. 
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A paper presented by C. H. Bechert, Director, Div. of Water Re- 
sources, State Dept. of Conservation, Indianapolis, Ind. 


Most of the midwestern states have 
suffered droughts or severe water 
shortages during the past 2 years. 
That fact, coupled with the increasing 
interest of farmers in irrigation, has 
caused many administrators and other 
persons engaged in water resources in- 
vestigations and water development 
projects to review seriously existing 
water rights and give thought to future 
state water policies. 


Indiana 


The number of acres of land under 
irrigation in Indiana increased approxi- 
mately 75 per cent each year during 
the last 2 years. There was some agi- 
tation for immediate control of the use 
of water for such purposes. Persons 
closely associated with the water prob- 
lems involved felt it unwise to enact 


laws attempting such regulation until 
a thorough study had been made of 
the matter. The State Legislature at 
its last session followed the latter 
train of thought and passed the Indi- 
ana Water Resources Law, the most 
important water legislation of 1955. 
Under this law, water in any natural 
stream, lake, or other body of water 
which may be applied to any useful 
and beneficial purpose is declared to 
be a natural resource and “public 
water” of Indiana. Such water is sub- 
ject to control and regulation for the 
public welfare as determined by the 
General Assembly. Although ground 
waters were not included in this policy 
declaration, the act states that the study 
committee is to conduct a comprehen- 
sive survey of water rights and water 
management laws for both surface and 
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ground waters. 
in 1957. 

A bill introduced in the Indiana leg- 
lislature provided that all water well 
drillers had to register with the state 
and must submit well logs to the con- 
servation department. Another pro- 
posed law required that a permit had 
to be obtained from this department 
before a well could be drilled. Both 
of these bills, however, failed to pass. 

The legislature ratified the Great 
Lakes Basin Compact, part of the pur- 
pose of which is to promote the orderly, 
integrated, and comprehensive devel- 
opment, use, and conservation of the 
water resources of the Great Lakes 
Basin. The states eligible to join this 
agreement are Indiana, Michigan, 
Wisconsin, Illinois, Minnesota, New 
York, Ohio, and Pennsylvania, as well 
as Ontario and Quebec, Canada. At 
present, besides Indiana, only Michi- 
gan and Minnesota have ratified this 
compact. 

The topographic mapping program 
of Indiana will be materially speeded 
up after Jul. 1, 1955, inasmuch as the 
legislature increased the biennial ap- 
propriation for mapping from $100,000 
to $400,000. This program will be 
completed in 10 years. 


A report will be made 


Kentucky 


In 1954 Kentucky passed a water 
resources law very similar to the one 
enacted by Indiana, declaring that the 
water of any natural stream or lake is 
a natural resource and “public water” 
and is subject to control and regulation 
for the public welfare. The Kentucky 
Legislative Bureau, directed to 
duct a study of water usage and rights, 
will report its findings to the 1956 
General Assembly. 


con- 
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Ohio 


The Governor of Ohio in May 1954 
appointed a committee of 100 persons 
to advise him about the state’s water 
resources problem. One of the first 
accomplishments of this group was to 
get the Ohio Legislative Service Com- 
mission to review the state water rights 
laws (1). The committee also per- 
suaded the legislature to authorize the 
Dept. of Natural Resources to collect, 
study, and interpret all available in- 
formation, statistics, and data pertain- 
ing to the supply, use, conservation, 
and replenishment of the underground 
and surface waters in the state. Be- 
cause this inventory is to be taken on 
a basin-by-basin basis, the state has 
been divided into 108 such areas of 
about 400 sq miles each. The sum of 
$170,000 was appropriated for this 
project. About 4-6 years will be 
needed before a comprehensive water 
code or plan can be prepared. Legis- 
lation is pending in Ohio for the estab- 
lishment of a program to remap the 
state topographically on a 7}-min 
quadrangle basis. 


Michigan and Illinois 


A resolution introduced in the 1955 
Michigan legislature provides for a 
special committee of the legislature to 
continue the study of the codification 
of the drainage laws and problems of 
water resources in the state. The ero- 
sion problems arising from high water 
levels of the Great Lakes will also re- 
ceive attention in the report which is 
to be made in 1956. A rather com- 
prehensive water well control bill to 
establish rules and regulations con- 
cerning well construction was recently 
defeated. The proposed act would 
have provided for conservation and 


852 


appraisal of the ground water re- 
sources of the state. 

The Illinois legislature has before it 
a bill, with an appropriation of $250,- 
000, to create a commission to study 
the water and drought situation in the 
central part of the state. This group, 
composed of five members of the Sen- 
ate and five members of the House of 
Representatives, would be empowered 
to make a thorough study of conditions 
to determine methods of providing 
water for drinking and commercial 
uses in cer‘ral Illinois. Other pro- 
posed legislation would create a new 
agency to handle water supply, flood 
control, water transportation, and sew- 
age disposal problems in the Chicago 
metropolitan area. The sum of $50,- 
000,000 has been recommended as state 
aid to the proposed project, with the 
remainder to be financed through reve- 
nue bonds. 


Wisconsin 


Although no legislation has been in- 
troduced in the Wisconsin legislature 
concerning study or adoption of a code 
on water rights, representatives of the 
Natural Resources Committee, the 
College of Agriculture, the Public 
Service Commission, and other inter- 
ested parties have held a meeting to 
discuss the subject of water law. It 
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is probable that the matter will be 
thoroughly investigated by this group 
prior to the convening of the 1957 
legislature. A bill now pending in the 
legislature to promote the conservation 
of underground water supplies pro- 
vides that the approval of the State 
Board of Health must be secured be- 
fore a new or additional well may be 
constructed for any purpose where the 
rate of withdrawal will exceed 70 gpm. 
Other proposed laws call for the de- 
velopment of a program of watershed 
management and the empowering of 
certain state government subdivisions 
to raise and appropriate funds for use 
in developing or creating watershed 
protection areas or projects. 


Tennessee 


A bill now before the Tennessee leg- 
islature would create a commission of 
nine members to conduct a study of 
state water laws, water resources, and 
water uses, as well as desirable and 
necessary changes to meet the future 
water needs of the state. This group 
is to report its results and recommen- 
dations to the governor by September 


1956. 
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A paper presented by T. W. Thorpe, Pres., Thorpe Well Co., Des 


Moines, lowa 


There has been a_ considerable 
amount of legislative activity in the 
Missouri Valley States. This area of 
the country has particular interest in 
conversation and flood control. 


Missouri, Iowa, and Kansas 


Governor Donley in his 
the legislature recom- 


Missouri. 
message to 


mended the creation of a Water Re- 
The House of 


sources Commission, 


|| 
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Representatives passed a bill creating 
watershed conservancy districts to 
handle water resources development at 
a local level, but the upper chamber 
did not approve. A Senate committee 
of five members was created to make 
a study of state water resources prob- 
lems, water use, and water rights. 
This group is to report on the need for 
legislation on watersheds and pollution 
control. 

Iowa. Several water control bills 
were introduced in both houses of the 
legislature, indicating a lot of interest 
and some confusion. Because more 
information than available was needed 
before a policy could be established, 
the legislature jointly resolved to cre- 
ate a special committee to study state 
underground and surface waters in 
relation to water rights, irrigation, and 
drainage. This group will make a re- 
port, including drafts of proposed bills, 
to the governor by Nov. 15, 1956. 

Kansas. Kansas enacted the Water- 
shed District Act in 1953 and adopted 
a number of amendments two years 
later. The duties of the newly created 
State Water Resources Board are to 
collect and compile information per- 
taining to climate, water, and soil, as 
related to agricultural, industrial, and 
municipal purposes. This organiza- 
tion will also determine the availability 
of water supplies in the watersheds. 


Nebraska and North Dakota 


Nebraska. Nebraska is concerned 
about the increased use of ground 
water for domestic, agricultural, in- 
dustrial, and other uses. The Legisla- 
tive Council appointed a committee of 
seven to make a comprehensive and 
detailed study of ground and surface 
water. The final report is to include 
the results of the study, recommenda- 
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tions, and proposals for necessary leg- 
islation, if any. 

North Dakota. Steps were taken 
by the North Dakota legislature to 
maintain drainage systems and to pro- 
tect the rights of underground water 
users through consolidation of water 
controls. The State Water Commis- 
sion is empowered to issue water rights 
permits for municipal, industrial, and 
irrigation uses. Domestic and munici- 
pal needs continue to have the highest 
priority, apparently because of the in- 
creasing demand for irrigation water. 
North Dakota also enacted a law es- 
tablishing a 22-county conservancy dis- 
trict to utilize diversion water from the 
Garrison Dam. 


South Dakota and Minnesota 


South Dakota. South Dakota is 
very water conscious, having recently 
passed two bills revising the old water 
code. A Water Resources Commis- 
sion consisting of seven members was 
created to control all water resources. 

General domestic use—including all 
ordinary application around the home 
and farm, as well as irrigation of not 
more than 4 acre—has priority over 
other consumption. Municipal use, 
seemingly second in importance, does 
not include the irrigation of crops on 
a commercial scale within city limits 
or extensive recreational employment. 

The legislation endeavors to control 
the vested rights of landowners in con- 
tinuing the use of waters. These bills 
are of far-reaching importance, and 
South Dakota’s control system could 
profitably be studied by other states. 

Minnesota. After a 2-year study, 
the Minnesota legislature passed a bill 
covering the conservation of the natu- 
ral resources of the state through bet- 
ter land utilization, flood control, and 
controlled watershed districts. 
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Cities and towns do not have to ob- 
tain a permit to develop a water supply 
in municipal limits, but one must be 
secured for projects undertaken out- 
side the incorporated area. Recently 
amended laws to conserve ground 
water and to prevent waste are ad- 
ministered by the three-man State 
Water Board. 


Montana and Wyoming 


Montana. Montana, conscious of 
the need for water control legislation, 
has endeavored to pass a comprehen- 
sive water resources program. Inter- 
ested groups, such as the state and mu- 
nicipal health and welfare agencies, 
farmers, wildlife conservationists, and 


Southwest States—M. B. Cunningham 


Jour. AWWA 


sportsmen came together and worked 
out a bill which is acceptable to all. 

Legislation was enacted to prevent 
dumping sawdust and lumber mill 
waste into streams. A stream pollu- 
tion bill also passed, but a law to estab- 
lish priority rights in the use of ground 
water was not approved. The Colum- 
bia River Pact also was rejected. 

Wyoming. Wyoming is still bound 
by laws made in 1947. A bill intro- 
duced in the 1955 legislature to pro- 
vide more control of ground water de- 
velopment failed to pass. Some minor 
changes, however, were made in sec- 
tions of less important irrigation laws. 
This state is working in the direction 
of a policy of careful water control. 


A paper presented by M. B. Cunningham, Supt. & Engr., Water Dept., 


Oklahoma City, Okla. 


In many southwestern states, laws 
of water rights have long been well 
established, Current legislation indi- 
cates there will always be a need to 
review past experiences in order to 
derive new ways of meeting the in- 
creased demand for water. For ex- 
ample, some laws will have to be 
changed in order to finance or con- 
struct expensive distribution systems 
to avoid disastrous shortages. 


Oklahoma 


After abandoning hopes that the 
1955 Oklahoma legislature would cre- 
ate a new statewide water authority 
empowered to issue  self-liquidating 
revenue bonds to finance new supplies, 
Governor Gary urged the lawmakers 
to set up a study committee to work 
out a plan for water development legis- 
lation in 2 years. 


A new law provides for a change in 
the state constitution if the voters will 
approve. If they do, cities and towns 
will be able to join together in estab- 
lishing water supplies and distribution 
systems. Municipalities will also be 
able to make contracts for a period of 
25 years, or less, to purchase water, 
which would be paid for from revenue. 
At present, contracts affecting revenue 
are limited to the current fiscal year. 

A bill designed to permit incorpo- 
rated areas to finance needed water 
facilities from revenue was not ap- 
proved by the legislature. Water utili- 
ties in Oklahoma must be operated and 
maintained from revenue, because 
cities obtain practically no funds from 
ad valorem taxes. Capital investments, 
however, are generally financed from 
general obligation bonds. 
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Colorado 

In discussing Colorado’s water prob- 
lems in a message to the state legisla- 
ture, Governor Johnson said: 


The unfortunate controversy between 
the eastern and western slopes must be 
resolved constructively. Colorado should 
see a solution which would benefit both 
slopes and injure neither. It can be done. 
It must be done. Colorado’s ground 
water resources need to be explored to 
the fullest extent by competent techni- 
cians, and these precious resources need 
to be protected by law with respect to 
private and public equities and against 
abuse and waste. The Colorado Water 
Conservation Board must get on top of 
this problem with firm and aggressive 
determination at once, and give the Gen- 
eral Assembly its views as to whatever 
legislation is required to protect the pub- 
lic interest. An extensive and coopera- 
tive groundwater exploration with the 
US Geological Survey should proceed 
unhampered by lack of necessary state 
funds. 


Arkansas 


A bill was passed by the Arkansas 
legislature in 1935 providing for the 
creation of a special eleven-man com- 
mittee to study surface water rights 


legislation. This new law also grants 
powers of eminent domain to water 
works, but municipal governments may 
fix the rates. The water utilities are 
also authorized to transfer any surplus 
from operating and maintenance funds 
to bond redemption accounts, and 
cities are empowered to borrow (with- 
out having the indebtedness count in 
the constitutional limit), on promis- 
sory notes, for the preliminary ex- 
penses of expanding existing systems. 
Texas 

A series of water conservation pro- 


posals drafted by an interim study com- 
mittee and backed by Governor Shivers 
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were introduced in the Texas legisla- 
ture. A proposed state constitutional 
amendment authorizing a $100,000,000 
bond issue for state aid of up to 33 per 
cent or $3,000,000 to local water con- 
servation projects was passed by the 
Texas Senate and sent to the House. 
Under this plan, which would be re- 
ferred to the electorate on Sep. 20, a 
state property tax of 3 cents on each 
$100 of assessed value could be levied 
to finance the program. 

Other legislative developments 
cluded the enactment of two laws 
aimed at aiding water conservation. 
One requires water districts to regis- 
ter their boundaries with the State 
Board of Water Engineers, and the 
other requires this board to conduct 
hearings before granting approval of 
water projects involving federal aid. 


New Mexico 


Governor Simms of New Mexico 
recommended, as follows, that favor- 
able legislative consideration be given 
to a bill: 


. . which will have as its purpose the 
anticipating of revenues and the placing 
of monies received by the Water Reser- 
voir Income Fund in a new revolving 
fund which would be created. 

This revolving fund would be used to 
provide money needed by the state and 
its subdivisions to participate in a pro- 
gram of development and improvement 
of small reclamation projects with fed- 
eral assistance under authority of legis- 
lation now pending in Congress... . | 
also urge that the surveys of under- 
ground and surface water already in 
progress, should be speeded up, and to 
this end you should be prepared to appro- 
priate the necessary money. 


Utah 


Information was not available for 


Utah. 


L. J. ALEXANDER 


Pacific Coast States—L. J. Alexander 
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A paper presented by L. J. Alexander, Chief Engr., Southern Cali- 
fornia Water Co., Los Angeles, Calif. 


In the Far West, water has been of 
more legislative concern for a longer 
time than anywhere else in the country. 


Nevada 


Four important bills were passed by 
the Nevada legislature. One of these 
provided for the conservation and dis- 
tribution of ground water in each water 
district. This bill and an amendment 
to an existing law permitted the state 
engineer to investigate a ground water 
basin that he felt was not being re- 
plenished naturally and to start a pro- 
gram of curtailment. He was also 
given the power to designate priority 
of use. In some parts of Nevada the 
highest priority is given to cattle graz- 
ing rather than to domestic or irriga- 
tion uses. 

Another bill provided for the devel- 
opment of cloud-seeding programs. A 
third bill, parallel to one in the Cali- 
fornia legislature, initiated a study of 
the waters of Lake Tahoe and the 
Truckee, Carson, and Walker rivers, 
which are interstate streams. The last 
bill created water conservancy dis- 
tricts, whose directors are to be ap- 
pointed by a court rather than to be 
elected by public elections. Formation 
of such areas could be initiated by 
property owners whose total assessed 
valuations were more than $50,000, an 
amount at least 10 per cent of the re- 
quired assessed value for the entire 
locality. 


Washington 


A number of water bills were pre- 
sented to the Washington legislature, 


but they were not passed. The gov- 


ernor, however, appointed a Water 
Resources Committee, which has pro- 
posed a water policy for the state. 


Oregon 


A recently enacted law has estab- 
lished a Water Resources Board, which 
replaces five or six other bodies whose 
functions overlapped. This organiza- 
tion has been directed to prepare as 
rapidly as possible an integrated and 
coordinated water policy, to which all 
other public agencies will be re- 
quired to conform, specifically includ- 
ing those of the federal government. 
The Ground Water Act of 1955, which 
declares that all Oregon waters belong 
to the state, was primarily designed for 
control of the ground water basins. 
The state engineer is empowered to 
maintain reasonable levels in all the 
ground water basins, and he is per- 
mitted to make the final determinations 
of extraction rights. 


California 


In California, more than 600 bills 
presented to the 1955 legislature had 
to do with water. Many of these were 
introduced by various senators just to 
attract attention to themselves. Prob- 
ably the most important proposed legis- 
lation was the so-called Feather River 
Project, in which water would be taken 
from the areas of surplus water in the 
northern part of the state and delivered 
to the southern part over a distance of 
about 500 miles. This procedure has 
been balked by the fact that the coun- 
ties of origin insist on guarantees that 
permitting water to be transported for 
use elsewhere will not preclude later 
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appropriations of water for local de- 
velopment. The southern section feels 
that the northern area should be guar- 
anteed sufficient supply for reasonable 
development in the future. In return, 
the northern part of California is quite 
willing to furnish surplus water rather 
than waste it to the ocean. Bills to 
permit this scheme have not yet been 
passed. 

The lower house appropriated funds 
to purchase the sites for the St. Louis 
and Orvalles reservoirs, which are nec- 
essary to the Feather River Project. 
This bill, however, was rejected by the 
upper house. An important law that 
was enacted to help save the resources 
of ground water basins permits a 
pumper to take water from a source 
nontributary to the basin without los- 
ing his rights to ground water. 

A recent law requires a person in 
the southern counties of the state ex- 
tracting water from an overdrawn 
basin to reveal his pumpage to state 
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authorities. Upon verification, such 
recordation then becomes prima facie 
evidence in any future adjudication. 
Another law provides for the forma- 
tion of replenishment districts (see the 
paper by Krieger on p. 909 of this is- 
sue). This is the most far-reaching 
water legislation in the state’s history. 
A bill proposed by fishermen was 
passed requiring water works to per- 
mit commercial fishers to utilize reser- 
voirs. This law, distasteful, of course, 
to the ultilities, was vetoed by the 
governor. 
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Use and Conservation of Water Resources 
in Eastern States 


Richard D. Hoak 


A paper presented on Muy 4, 1955, at the Pennsylvania Section Meet- 
ing, Pittsburgh, Pa., by Richard D. Hoak, Sr. Fellow, Mellon Inst., 


Pittsburgh, Pa. 


HE humid eastern states, which 

have long enjoyed an abundance of 
water, are becoming uncomfortably 
aware of the need for conserving this 
important natural resource. About 75 
per cent of recent municipal water 
shortages has been due to inadequacy 
of supply, storage, and distribution 
facilities. Such situations have often 
resulted from lack of foresight in plan- 
ning for future demands on water sup- 
ply systems, but the time is approach- 
ing when dependable local supplies of 
fresh water will no longer support fur- 
ther municipal and industrial growth 
in some areas. Whenever such an 
event can be foreseen, even if remotely, 
water conservation practices should be 
adopted at once. Where demands are 
allowed to exceed supplies, it may be 
difficult or impossible to institute cor- 
rective measures. 

It has been predicted that consump- 
tion of water for all purposes will be 
over twice as great in 1975 as it was 
in 1950, a fact that should be con- 
strued as a warning to water works 
management in districts experiencing 
rapid urban and industrial expansion. 
The experience of Houston may be 
cited as an example of the demand for 
water outstripping projected needs. A 
1943 survey forecast a requirement of 
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268 mgd by 1970 for the city, but re- 
cent estimates have raised this figure 
to 700 mgd (7). 

W. W. Horner, chairman of the Na- 
tional Water Policy Panel, has listed 
(2) these reasons for water shortages : 

1. Failure to provide for equaliza- 
tion of surface water runoff 

2. Overconcentrations of population 
and industry 

3. Ground water withdrawal in ex- 
cess of natural recharge 

4. Water wastage 

5. Failure to use available salt water 
in place of fresh water 

6. Selection of plant sites without 
adequate evaluation of available water 
for existing or predictable future 
requirements 

7. Inadequate design of water-con- 
suming process equipment. 

The above factors relate largely to 
unsound planning, but many industrial 
establishments are located where cir- 
cumstances beyond control or fore- 
sight have caused difficult water sup- 


ply problems. In _ such instances, 
maximum use of available supplies is 
mandatory. 


Long-term prediction of the demand 
for water is extremely uncertain. 
There is evidence, however, that water 
consumption is a function of the index 
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of business activity, and this relation- 
ship can be used to estimate short-term 
requirements (3). In the Los Angeles 
area, for example, an increase of three 
points in the local index of business 
activity results in a 1 gped rise in wa- 
ter consumption. If this index, a popu- 
lation growth curve, and prospects for 
industrial expansion were tied together, 
it should be possible to arrive at a 
rough estimate of the rate of increase 
in demand. 


Water Conservation Value 


Water conservation is equivalent to 
an increase in the normal supply. The 
very abundance of water in the East 
has made it difficult to recognize ob- 
vious conservation measures. In the 
United States, water has been wasted 
with a clear conscience because there 
has always been a plentiful amount. 
A good deal of water is unconsciously 
wasted by workmen who use far more 
than necessary, or who fail to shut off 
valves after the work is finished. In- 
dustrial inefficient use of water is read- 
ily corrected. One company reduced 
intake 70 per cent by installation of 
thermostatically controlled valves to 
retain cooling water until it reached 
80-120°F instead of allowing it to 
stream through. Automatic controls 
have been notably successful in con- 
serving water in all kinds of operations. 

Comprehensive surveys of water us- 
age in industrial plants have invariably 
paid for their cost, often many times 
over, and such undertakings, together 
with a continuous educational program 
for workmen, can save enormous quan- 
tities now thoughtlessly wasted. H. E. 
Hudson has cited actual instances of 
remarkable reductions of intake water 
through conservation measures (4). 
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Compared with maximum intake, he 
found decreases of 99.7 per cent for 
steam power generation, 97.3 per cent 
for petroleum refining, 97.8 per cent 
for steel making, 79 per cent for soap 
and edible-oil manufacture, 98.2 per 
cent for carbon black production, 58 
per cent for processing natural rubber, 
95.7 for butadiene synthesis, and 82.3 
per cent for glass container fabrication. 
Most of these savings come from re- 
circulation of cooling water. Reduc- 
tions of this magnitude may not often 
be possible, especially in an older plant, 
but they show what can be attained in 
future installations. 

Multiple and countercurrent use of 
water in the chemical process industry 
can accomplish large savings. Cooling 
water can often be reused, and such 
savings will be multiplied if the same 
water is used successively in processes 
where water of poorer and poorer 
quality is satisfactory. Conservation 
of water through reuse has certain 
drawbacks, however, For example, 
mineral salts and organic compounds 
tend to concentrate, biological growths 
may become troublesome, and corro- 
sion may cause difficulty. These fac- 
tors can be controlled by appropriate 
water-conditioning installations. Lack 
of intermediate conditioning in exten- 
sively recirculated water is likely to 
increase difficulty of treatment before 
the waste can be discarded. 


Discharge Water 


Spent water forms part of all streams 
serving industrial areas, and, in some 
instances, the entire flow is used sev- 
eral times by successive plants. Thus, 
there has been an unconscious reuse of 
water for a long time, and the reported 
intake of industrial water is much 


860 


larger than the net withdrawal, a fact 
also true of municipal water use. As 
the demand for water increases, how- 
ever, repeated reuse will cause de- 
terioration of quality unless the dis- 
carded water is adequately treated 
before discharge. 

The many uses of rivers and lakes 
are vital to modern civilization, but 
their relative importance depends upon 
the best interests of all the people in 
particular regions. Surface water has 
so many natural functions that it can- 
not adequately provide all of them for 
everyone everywhere. It would seem 
to be possible to survey an area and 
decide upon a priority of water uses 
which will best serve local needs. Such 
a procedure is impractical, however, 
because the conflict of economic and 
sociological factors that introduce an 
emotional element which cannot be rea- 
soned away. It is agreed that the 
highest use of water is to provide a 
potable supply for domestic needs, but 
it is often impossible to reach an ami- 
cable determination of the relative value 
of other applications. Across the na- 
tion there are many disputes about 
water and the policy that should govern 
its employment, but in the East the 
predominant problem concerns the ex- 
tent to which surface water should be 
used to assimilate domestic and indus- 
trial wastes. 


Pollution Determination 


The utilization of streams for ulti- 
mate disposal of spent water is essen- 
tial, inasmuch as this practice permits 
downstream reuse of waste water. 
Problems arise, however, in determin- 
ing how much assimilative work a par- 
ticular body of surface water should be 
called upon to perform. Natural 
streams have a high capacity for con- 
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verting wastes into innocuous sub- 
stances as long as overloading is 
avoided. What constitutes such excess 
largely depends upon the downstream 
interests that are to be served. There 
are many reasons (technical, economic, 
and esthetic) why it is difficult to fix 
proper loadings. The principal diffi- 
culty in pollution control is the meager- 
ness of scientific data upon which to 
base limitations of the discharge of 
arious wastes. It is impossible to 
write a general definition of pollution 
that will satisfy everyone. What may 
be called pollution in one situation 
would not be considered pollution 
under different conditions. Thus, 
definitions of pollution derive from 
priorities of stream uses, and these 
depend on stream location. Indeed, 
rigid definitions of pollution should be 
avoided, especially in legislation, be- 
cause they prevent the flexibility in 
appraisal of the effects of pollution 
that is essential for control in the 
broad public interest. Handy as pre- 
cise descriptions are from an adminis- 
trative point of view, they tend to 
stifle thoughtful evaluation of the ef- 
fects of waste water. Several years 
ago (5), it was stated: “Pollution is 
the discharge of material that unrea- 
sonably impairs the quality of water 
for maximum beneficial use in the over- 
all public interest.” Adoption of such 
a definition would require a valid de- 
termination of the public interest and 
the means by which it could be served, 
rather than the effortless employment 
of a set formula. 


Pollution Control 


In view of the limited knowledge of 
the specific effects of pollutants on 
stream biota, it is difficult to establish 
equitable quality criteria even for rela- 
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tively simple cases. It is, therefore, 
manifestly impossible to control pollu- 
tion fairly over a large area by imposi- 
tion of strict regulations. It is a gen- 
erally accepted principle that the as- 
similative capacity of streams should 
be fully used to the extent that other 
beneficial uses will be conserved. A 
great deal of fundamental research will 
be necessary before a sound basis can 
be established for optimum use of the 
self-purification capabilities of streams. 
In the meantime, the clamor for pollu- 
tion abatement will continue to in- 
crease. Enlightened agencies are aware 
of the economic and sociological im- 
portance of basing their decisions on 
dependable data, but pressure from 
groups which have little understanding 
of the complex nature of pollution con- 
trol often force the taking of measures 
known to be untenable. There is no 
doubt that the discharge of waste wa- 
ter will become more stringently regu- 
lated in the future. Industry should, 
therefore, cooperate with local agencies 
by frankly discussing problems and 
plans and should also undertake con- 
structive laboratory research to provide 
essential data on waste products. Reg- 
ulatory bodies are ordinarily unable to 
conduct long-range research and must 
depend upon private enterprise for 
basic information. Thus, in the long 
run, collaborating in adoption of pol- 
lution control measures will benefit in- 
dustry because it will protect its own 
interests and perform a valuable public 
service at the same time. 

There are many ways by which a 
plant can reduce its contribution to 
stream pollution without waste treat- 
ment. Good housekeeping, often a 
major factor in saving valuable mate- 
rials and in reducing pollution, is such 
an obvious measure that it frequently 
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escapes attention. The impressive sav- 
ings that some companies have been 
able to effect by taking serious notice 
of wasteful practices show clearly how 
much can be accomplished by educat- 
ing workmen in proper management. 
A comprehensive survey of water us- 
age, an important first step for in-plant 
pollution control, will sometimes dis- 
close a degree of wastefulness that will 
be shocking and will almost always 
show how to reduce intake. More 
importantly, such appraisal can point 
the way to process changes that will 
improve specific operations and reduce 
waste. 


Conservation Measures 


Measures for augmenting local sup- 
plies by conservation through efficient 
use and reuse can be developed by 
study of water-consuming operations. 
Because such procedure may not be 
enough in some plants, attention must 
be given to replenishment of supplies 
by natural means or artificial expe- 
dients. Of a number of such possibili- 
ties, some are practical and already in 
use, while others are, as yet, only po- 
tentialities for the future. One fairly 
obvious method is to build dams to 
conserve excess runoff from rainfall. 
This common undertaking is often im- 
practical, however. 

Increasing demands have resulted in 
greater use of ground water, which is 
usually preferred to surface water be- 
cause of greater clarity and uniform 
temperature and composition. On the 
other hand, a subsurface supply may 
have a higher concentration of dis- 
solved solids, hold considerable carbon 
dioxide in solution, and _ precipitate 
some of its constituents, notably iron 
and manganese. Withdrawals, how- 
ever, have greatly exceeded the rate 
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of natural recharge in many locations. 
Contrary to popular belief, ground wa- 
ter levels are not declining over the 
country as a whole, even though ex- 
cessive withdrawals have caused serious 
difficulty in some areas. Aquifers can 
be recharged in several ways. For 
example, if water is used for air con- 
ditioning, it can be pumped back into 
the ground, a procedure required by 
regulations in some instances, even 
though a gradual rise in water tem- 
perature may result. Sometimes this 
operation is necessary to prevent salt 
water intrusion in coastal areas. Per- 
colation ponds have been successfully 
used to increase the rate of natural 
recharge in many places. 

The use of effluents from sewage 
treatment plants to recharge aquifers 
is relatively new. Studies have shown 
that the mineral constitution of ground 
water has shown no appreciable change 
where such replenishment has been 
practiced. Although much more re- 
search it still needed to establish de- 
pendable percolation rates and the ca- 
pacity of soil to handle a given pollu- 
tion load, it will probably be feasible 
to use treated sewage to increase 
ground water supplies. Community 
acceptance of this expedient would be 
enhanced if water works and sewage 
plants were integrated in water pro- 
duction—reclamation operations. 


Sea Water Demineralization 


The ocean has long been regarded 
as an inviting source of fresh water. 
Unfortunately, no one has yet devel- 
oped an inexpensive process to sepa- 
rate the water from the salt. The US 
Dept. of the Interior has been making 
an intensive study of potentially prac- 
tical methods since 1952. It was 
wisely decided to use the limited funds 
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appropriated for research upon a num- 
ber of novel schemes, rather than to 
sponsor one or two elaborate pilot 
studies of fairly conventional methods. 
As a result of this undertaking, several 
intriguing possibilities have come to 
light, empb-sizing the importance of 
originality in seeking improved ways 
to desalt sea water. Some of these 
new processes will require, of course, 
much careful investigation before they 
can be finally evaluated. 

Fresh water is being recovered from 
the ocean at a number of localities 
where the high cost is not prohibitive. 
Multiple-effect evaporation can pro- 
duce salt-free water at $1.50-$3.00 per 
1,000 gal, depending on the cost of 
fuel. This is a high price compared 
with the 20 cents per 1,000 gal paid 
by the average householder, or with 
the 1 cent paid, on the average, for 
irrigation water. Thus, it became es- 
sential to develop relatively low-cost 
methods to make desalting economi- 
cally feasible. 

Current research on means for in- 
creasing the efficiency of vapor-com- 
pression distillation indicates that it 
may become possible to produce fresh 
water at a cost somewhere in the range 
of 20 to 60 cents per 1,000 gal. This 
recovery method differs from conven- 
tional distillation in that the vapor 
from the boiling liquid—after compres- 
sion to raise the temperature a few 
degrees—is returned to the heating 
coil in the still where it condenses and 
flows out. The efficiency of this type 
of installation results from higher heat 
transfer coefficients and better overall 
heat economy than in conventional 
stills. At present, it appears that 
vapor-compression distillation can pro- 
vide the most practical means for ocean 
water conversion. 


|| 
a 
4 


Sept. 1955 


Ion-transfer-electrolysis, another 
method for producing fresh water from 
salt water, is based upon electrolysis 
of saline water in a multicompart- 
mented cell comprised of a series of 
ion-exchange membranes alternately 
impermeable to anions and cations. In 
practice, such a cell will separate the 
saline water into two fractions—one 
relatively pure and one containing 
more dissolved solids than the original 
sea water. A major economic factor 
in this process is the initial concen- 
tration of the dissolved salts: the 
higher the concentration, the greater 
the cost. On the basis of extensive 
study, it has been concluded that ien- 
selective-membrane desalting offers the 
best possibility for economical purifica- 
tion of brackish waters containing about 
4,000 ppm dissolved solids (sea water 
averages 35,000 ppm). Laboratory 
experience has indicated 94 per cent 
purification of a 3,600-ppm feed at a 
total power consumption of 16 kwhr 
per 1,000 gal, which is equivalent to a 
net cost of about 20 cents per 1,000 gal. 

Other desalting methods include 
solar evaporation, freezing to separate 
pure ice crystals, osmotic processes, ion- 
selective demineralization, and phase 
separation above the critical tempera- 
ture and pressure of water. These 
procedures, involving difficult economic 
and technical problems, are being in- 
vestigated to determine their ultimate 
feasibility. 


Induced Rainfall 


Replenishment of water supplies by 
inducing rainfall is another develop- 
ment which holds promise for the fu- 
ture. When rain occurs naturally, 
only about 5 per cent of the water in 
clouds actually precipitates. If the 
fallout could be raised to 10 per cent 
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of the cloud content, the natural sup- 
ply would be doubled. Such increase 
is attempted by providing nuclei to 
promote condensation of water vapor. 
Dry ice pellets and silver iodide crys- 
tals have been used successfully to 
bring about this effect. There are wide 
differences of opinion, however, among 
meteorologists and other experts in the 
field over the results. Although much 
research will be necessary before ef- 
forts to increase rainfall can be satis- 
factorily evaluated, there is reason to 
believe that the technical problems 
will be solved eventually and _ that 
water supplies can be augmented 
by artificially increasing atmospheric 
precipitation. 


River Associations 


In view of the kind of water supply 
problems that will arise frequently in 
the future, consideration should be 
given to establishment of water dis- 
tricts patterned after the river asso- 
ciations which have operated so suc- 
cessfully in Germany. This method 
of administering water supply and pol- 
lution control has been proposed a 
number of times in the United States, 
but has made little progress. Cleary 
(6) has recently detailed the operation 
of such organizations. In _ general, 
each is composed of a locally elected 
board of deputies, which appoints a 
managing committee and has a com- 
mission of appeal consisting of three 
members named by the state govern- 
ment and six members chosen by the 
board. An association studies its river 
system and decides how it shall be 
used. When it is determined what 
works are necessary to secure these 
applications, the organization designs, 
builds, and operates the installations. 
Revenues are obtained from taxes on 
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industries, communities, and water au- 
thorities, as well as from the sale of 
hydroelectric power, digested sludge, 
digester gas, and rights to utilize land. 
New construction is financed from 
bonds, which have a high investment 
rating. 

Adoption of the river association 
idea would have many advantages. 
The whole water economy of a par- 
ticular area could be dealt with as a 
unit designed to meet the best overall 
needs of the people. Long-range plans 
could be made to anticipate expansion 
and changing requirements, and pollu- 
tion could be controlled in a rational 
manner to satisfy local needs. The 
cost of the program would be borne 
by those who benefit most directly, 
and, most important of all, water con- 
servation would be managed by the 
district concerned, rather than by a 
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distant, rather abstract, governmental 
agency. The association of persons 
with common interests has always been 
productive of best results. 
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Correction 


In presenting the 1954 utility safety record (August 1955 JourNAL, p. 762), 


an error was made in the last sentence. 


It now reads: “The severity rate re- 


mained practically static with rates of 0.093 and 0.95 for 1953 and 1954, re- 


spectively.” 


The first figure should be “0.93.” 
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A paper presented on Jun. 14, 1955, at the Annual Conference, Chi- 
cago, Ill., by R. D. Wilson, Partner, Wilson & Anderson, Cons. 


Engrs., Champaign, Ill. 


N industry or a community often 

obtains part of its water from 
wells and part from surface storage or 
streams. Such a composite usually 
comes about, however, because the first- 
adopted source becomes inadequate, re- 
quiring an additional source. It is 
unusual when the original plan for a 
supply depends upon both surface and 
subsurface water. In the project dis- 
cussed in this paper, a unique com- 
bination of sources, transmission, and 
storage were employed. This unprece- 
dented arrangement seems likely to 
provide the most economical construc- 
tion and operating cost for the plant 
served, while balancing reasonable us- 
age against conservation of ground 
water. 

The National Petro-Chemicals Corp. 
was formed in 1951 to build and oper- 
ate a plant producing liquefied-petro- 
leum gases and chemicals from natural 
gas. The location finally decided upon 
was a completely rural area about 4 
miles west of Tuscola, IIl., the junction 
of two major gas transmission systems 
from Kansas and the Gulf Coast. An 
important repressurizing station, al- 
ready in operation, could be used to 
return the gaseous residue to the pipe- 
line. Other factors, such as availability 
of transportation, construction men, 


and land, were favorable to the selec- 
tion of this site. 

The plant, expected to process 400,- 
000,000 cu ft of gas daily, in producing 
propane, butane, gasoline, and ethane, 
was designed with a steam and electric 
power unit, capable of generating 600,- 
000 Ib of steam per hour and 12,000 kw. 

Preliminary estimates of water re- 
quirements for this $28,000,000 plant 
were 3,000 gpm initially and 5,000 gpm 
ultimately, most of which would be 
utilized in the form of makeup water 
for cooling. The total circulation rate, 
of course, would be much greater. 
There was no local source which could 
meet such demand. Because adequate 
ground water was expected to be found 
at a distance of not more than 25 miles, 
it was decided to go ahead with the 
project, 


Search for Water 


The search for water was undertaken 
by a drilling company which used as 
its principal guide a bedrock topogra- 
phy map of Illinois that had been pre- 
pared a few years earlier by the State 
Geological Survey. This chart indi- 
cated the presence of a large preglacial 
valley sweeping across east-central IIli- 
nois in a general east-west direction. 
This geologic formation, designated the 
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“Mahomet” or “Lower Teays” Valley, 
has attracted much attention in recent 
years as the prehistoric drainage outlet 
for an area including most of the terri- 
tory now served by the Ohio River. It 
was known that tremendous, and prob- 
ably continuous, deposits of water- 
bearing sand and gravel lay buried in 
parts of this valley, which is now filled 
with as much as 450 ft of glacial mate- 
rial. Water is obtained from these aqui- 
fers by several communities in Illinois, 
including Champaign-Urbana, which 
withdraws 5-7 mgd. Although the 
main valley was at least 20 miles from 
the proposed plant, the bedrock map 
indicated a principal tributary ap- 
proaching much closer. Because vir- 
tually no exploration had been made 
of the closer tributaries and very little 
in the main valley at its closest point 
to the plant site, a test-drilling pro- 
gram was undertaken with consider- 
able optimism. 

The results of the undertaking near 
the proposed location were completely 
discouraging, and the drilling proceeded 
away from the site until good indica- 
tions were found in the Mahomet Val- 
ley itself at least 20 miles away. Some 
of the most favorable test holes were 
found near the channel of the Kas- 
kaskia River, which flows southward 
from headwaters near Champaign and 
passes as close as 4 mile from the 
Petro-Chemicals plant site. The river 
had been previously considered and 
rejected as an unsuitable source, but 
it later occurred to the chief engineer 
that a combination of a supply, when 
available, from the river and a supple- 
ment from wells, when needed, might 
be a workable, economical plan. The 
well water could possibly be carried in 
the stream channel, thus, avoiding at 


least $1,500,000 for a pipeline. 
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Results of Study 


The idea was discussed with the 
State Water and Geological surveys 
and the US Geological Survey. Al- 
though encouragement was given by 
their engineers, it was pointed out that 
a detailed examination of the matter 
was required and that if the plan were 
proved sound from an engineering 
viewpoint, negotiations would be re- 
quired with private owners, drainage 
districts, and other public and private 
agencies. An attorney, well informed 
and experienced in Illinois drainage 
law, gave his opinion that the plan was 
legally feasible. The author’s firm, 
which undertakes drainage and water 
supply work, was particularly familiar 
with the area involved, and was en- 
gaged to make a preliminary study of 
the supply problem. This undertaking 
was done in great haste because all 
other plans were well advanced. The 
engineer’s report set forth the following 
information : 


1. The drainage area of the Kas- 
kaskia River near the plant site is 
130 sqmiles. Flow-duration curves 
based on gaging-station records down- 
stream indicated that without channel 
storage the river would meet or exceed 
initial plant requirements of 3,000 gpm 
78 per cent of the time and ultimate re- 
quirements of 5,000 gpm, 70 per cent. 
The minimum flow for long periods of 
drought, however, would be nearly 
zero. Either the construction of a siz- 
able reservoir, or the use of a supple- 
mental supply would be necessary if 
the river were to be used as primary 
source of water. 

2. No possibility existed for a large 
reservoir in the river valley or in a 
side channel. The river is a highly 
essential drainage outlet for some of 
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the flattest farm land in Illinois, and 
the main channel had been dredged 
and deepened from its headwaters to 
within a mile of the proposed plant. 
Even a low channel dam in the river 
near the site would be subject to ques- 
tion by farmers upstream. Fortunately, 
a 72-acre tract of land of low agricul- 
tural value lay between the selected 
location and the river. The topogra- 
phy of this area presented the possibil- 
ity of forming a small reservoir which 
would hold about 50 mil gal after con- 
struction of an earth dam and levees. 
This amount appeared to be the mini- 
mum advisable storage, assuming that 
deficiencies of river flow would be 
made up from wells and not, generally, 
from the reservoir. 

3. Studies of the stream route and 
profile showed that if the dredging and 
straightening of the channel were ex- 
tended downstream below the reservoir 
tract, the effective depth and capacity 
of the could be increased 
enough so that a low control structure, 
needed for measuring the flow, could 
be placed in the watercourse without 
injuring drainage. A diversion chan- 
nel to a deep pumping basin could be 
excavated from a point immediately 
upstream from the weir, thus, provid- 
ing a amount of additional 
storage. 

4. A saving of about $1,000,000 in 
construction cost and about $50,000 
per year in operating cost would be 
realized if well water could be trans- 
mitted without serious loss by the 
stream channel rather than by a pipe- 
line. It was necessary to estimate how 
serious such loss would be and to de- 
termine if drainage, the primary pur- 
pose of the improved watercourse, 
would undergo interference. 
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5. There was no time to conduct 
field experiments, and applicable re- 
corded data were scarce. Apparently, 
no one had previously used an Illinois 
drainage ditch as a dry-weather aque- 
duct. It was generally felt that the 
water would be dissipated by evapora- 
tion, transpiration, and percolation into 
the subsoils before completing the 25- 
mile journey to the plant intake. By 
using percolation data for a more 
porous clay subsoil than believed to be 
typical of the river bottom, and by tak- 
ing into consideration standard evapo- 
ration rates, it was calculated that there 
would be a maximum loss of not more 
than 33 per cent of the water input, 
even if the stream bed were entirely 
dry except for the added well water. 
Such a condition was not known to 
have occurred in about 40 years, be- 
cause the channel had been artificially 
deepened, prolonging the duration of 
seepage from adjacent fields. For the 
average, or normal, year, no apprecia- 
ble transmission loss was anticipated. 

6. Analysis of channel characteris- 
tics showed that the 16.5 cfs that would 
be required under the worst possible 
conditions in the smaller, upper section 
of the stream, would be only a fraction 
of the 350-cfs capacity of the ditch at 
full stage. A maximum depth of flow 
of about 1.7 ft would be necessary— 
just a small part of the 8-ft depth of 
the ditch. Downstream, of course, as 
the stream section increased (and the 
amount of water in transit dimin- 
ished), the depth of flow and the per- 
centage of ditch volume in use dimin- 
ished to a minimum of about 0.7 ft 
and 1.4 per cent, respectively. No 
basis for conflict with drainage inter- 
ests could be discovered, because it 
was determined that the plant would 
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have no reason to operate wells when 
the stream was producing as little as 
2 per cent of its own hydraulic capac- 
ity. In fact, there were advantages in 
the proposed plan for the drainage dis- 
tricts and riparian owners, because the 
chemical company would contribute 
generously to the maintenance of the 
ditch, relieving the landowners of a 
large part of their drainage taxes. 

7. The amount of mineral content 
and the treatment that would be neces- 
sary were established both for plain 
well water and for average quality of 
river water mixed with well water. 
Comparisons of the two possible types 
of supply were favorable to the latter. 
Turbidity and temperature were, of 
course, less troublesome in unmixed 
well water, but the plant could avoid 
use of the most turbid waters by stop- 
ping the intake pumps during very 
turbid stages. The high temperature, 
significant in hot weather, could be 
overcome at a reasonable cost by pro- 
viding evaporative cooling facilities. 


Agreements and Contracts 


The proposed water supply plan was 
recommended and adopted. After the 
author’s firm and the local attorney 
were authorized to initiate all necessary 
action, an unusual series of agreements 
and contracts were negotiated. It was 
certain that much opposition would be 
aroused at first, based either upon the 
assumption that the plan would inter- 
fere with drainage or that it would rob 
the Champaign-Urbana area of its due 
share of ground water to be used by an 
industry not in the economic sphere 
of these cities. A very helpful argu- 
ment for the plan was that if full use 
of the river were not permitted to the 
chemical company, it would be obliged 
to acquire land, drill wells, and pump 
all required water from underground 
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sources, thus making about three times 
the demand on ground water near 
Champaign-Urbana than would other- 
wise be necessary. This argument and 
others reduced nearly all opposition, 
so that all of the agreements were 
made within less than a year’s time 
after the search for water began. 
These were the principal arrangements : 

1. A 20-year contract was signed 
with three drainage districts having 
jurisdiction over the river channel to 
within 1 mile of the proposed intake 
and over several lateral ditches. The 
company promised to reconstruct and 
maintain the entire system (about 38 
miles of channel) of open ditches of 
these districts in exchange for the use 
of the channels for transmission of wa- 
ter in times of drought and low flow. 
The details of these agreements were 
carefully drawn to comply with Illinois 
drainage statutes and to protect both 
parties against unreasonable usage or 
obligation. 

2. An agreement was made with 
Champaign-Urbana and the water util- 
ity that serves it from wells in the 
buried valley. The chemical company 
agreed to limit its withdrawal of 
ground water, both in amount and in 
well location, so that the commu- 
nity’s supply would not be jeopardized. 
Two observation wells equipped with 
water level recorders were built by the 
company and are maintained by the 
State Water Survey to determine any 
interference between wells of the water 
utility and those of the manufacturing 
concern, 

3. The options and agreements under 
which exploratory drilling was com- 
pleted and permanent wells were built 
provides that there will be no damage 
to farm wells within 1 mile of company 
wells and that all necessary changes of 
such wells and pumping equipment will 
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be made, or new wells drilled, to assure 
continuation of supply to the adjacent 
farms. All of the sixteen nearby farm 
wells were examined to determine con- 
ditions that existed prior to operation 
of the company wells, and this infor- 
mation was recorded with the State 
Water Survey. Abandoned farm wells 
and one special observation well in the 
area are checked at regular intervals 
to ascertain the water levels, and these 
data are also filed with the survey. 

4. Agreements were made with seven 
private owners having riparian rights 
on the Kaskaskia River near the plant 
intake obligating the company to im- 
prove a 2-mile section of the stream 
by clearing and dredging in exchange 
for permission to use the stream chan- 
nel for transmission of well water. 

5. One of the drainage districts 
agreed to sponsor the operation of a 
flow-gaging station on the river just 
beyond the reservoir intake. Because 
this station, built by the company, is 
operated by the US Geological Survey 
in conjunction with other stations in 
the state, the recorded flow is a matter 
of public information. 

6. As a part of the principal agree- 
ments the company is obliged to meas- 
ure and record all water usage and to 
file such data monthly with the State 
Water Survey. The utility supplying 
Champaign-Urbana is similarly re- 
quired to inform the company about its 
pumping operations and water levels. 
Thus, there is being assembled a cor- 
related set of facts which will be useful 
to everyone concerned whenever new 
arrangements are to be made or dis- 
putes arise. 

The many contracts were generally 
necessary because IIlinois has no stat- 
utes governing ground water usage and 
the rights of usage of streams are not 
well defined. Disputes may be referred 
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for arbitration to the State Water Re- 
sources and Flood Control Board, au- 
thorized in 1945. Because its authority 
has not been tested, however, volun- 
tary agreements and the authority of 
the County Court with reference to 
drainage districts were mainly relied 
upon for legal protection. No rights 
of eminent domain were involved, be- 
cause the company was not itself a 
public utility. If voluntary understand- 
ings had failed, however, the possibility 
of turning the problem over to such an 
agency was an alternative procedure. 


Final Design 


The final design and construction of 
the water supply system was not as 
difficult as it was unusual. Test drill- 
ing led to the fortunate discovery of 
locations for two or more good wells 
on stream banks. Two 36-in. gravel- 
packed wells, about 275 ft in depth, 
were built, each capable of producing 
over 5 mgd if necessary. To keep 
water lift at a reasonable rate, how- 
ever, one is equipped to pump only a 
maximum of 2,200 gpm, and the other, 
2,700 gpm. The placement of a third 
well has been determined, but has not 
yet been built. 

It was decided that the reservoir 
should have a capacity of 100 mil gal, 
regardless of the apparent limitations 
of the site. The design adopted re- 
quired the excavation of 352,000 cu yd 
of earth, more than half of which was 
distributed on adjacent high-ground 
and river bottom areas. Because the 
reservoir is almost completely sur- 
rounded with levees, the normal water 
level is a few feet higher than the low- 
est natural ground at each side of the 
nearly rectangular tract. The earth 
dam separating the reservoir from the 
river bottom and intake basin has a 
maximum height of 21 ft. The normal 
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crest elevation of the spillway is 24 ft 
above low water in the river. Two 
pumps of 3,500-gpm capacity at a head 
of 26 ft are installed in a reinforced- 
concrete intake structure located at the 
end of a diversion channel and intake 
basin leading from the river. There 
is space for two more pumps at the 
intake. 

Practically all construction work 
and installation was completed within 
1 year after the conclusion of the nec- 
essary agreements, including the clear- 
ing and redredging of 38 miles of ditch 
channels and almost 2 miles of river 
channel near the plant. Flow to the 
reservoir began in January 1953, and 
it was filled the following March with- 
out the addition of well water.* Pro- 
duction of chemicals began in July 


1953. 
Test of Project 


Coincident with the initial opera- 
tions of the plant, the results of a se- 
vere drought began to limit natural 
stream flow and put the dual system 
to immediate test. Pumping from the 
wells began on Aug. 3, 1953. Locally, 
the Illinois drought actually had begun 
in April. By the end of December, the 
shortage of rain for the preceding 9 
months was 13.53 in., or a 50 per cent 
deficiency from a normal total of 26.60 
in. Conditions eased slightly early in 
1954, but depleted shallow ground 
water storage and subnormal rainfall 
necessitated almost constant use of 
well water until Nov. 26, 1954, after 
which intermittent pumping was suffi- 
cient to Feb. 12, 1955. At this date 
both well pumps were stopped and the 
plant has had adequate river water 


* Actual operation of the water system 
was turned over to the Industrial Water 
Supply Co. (see p. 871). 
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since, although rainfall has continued 
somewhat below average. 

The 154 months of almost constant 
pumping from August 1953 to No- 
vember 1954, together with other 
usage in the Champaign-Urbana area, 
caused a temporary recession of 11-13 
ft in the well field within about 4 mile 
of the wells. Recovery in the 4 months 
after pumping had been stopped has 
been so rapid that the water level at 
the wails is now only 2 ft below the 
static level of August 1953. Recovery 
is continuing at the rate of about 0.5 
ft per month at the present time. 

The recent drought has afforded an 
early and effective test of the produc- 
tion and transmission plan adopted for 
the plant. The transmission loss in 
August 1953, gaged at about 10 per 
cent of input, is now expected to be 
about the maximum loss for any likely 
condition. Analyses of precipitation 
and stream flow records indicate that 
there will be many years in which little 
or no pumping from the wells will be 
required in order to meet demands. 
Because expansion of the plant is now 
underway, some increase of the antici- 
pated ultimate water demand figure is 
expected. 

The relative economy and success of 
the combination source of supply en- 
couraged Decatur, Ill, to adopt in 
1954 a similar emergency solution to 
a shortage that could not be relieved 
by other means for a considerable 
length of time. State agencies inter- 
ested in economical use and conserva- 
tion of resources continue to support 
the method discussed in this paper as 
an example of practical conservation 
worked out voluntarily without statu- 
tory rules and regulations. The au- 
thor feels that the practicability of 
similar procedures can be shown 
under specific circumstances. 
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Clitford H. Fore 


Asst. Treas., Industrial Water Supply 
Co., Mt. Vernon, Til. 


R. D. Wilson has very clearly out- 
lined the plan to obtain an adequate 
and satisfactory source of water for a 
plant which was to be located rather 
far from any existing source of ade- 
quate supply. 

Shortly after the source and treat- 
ment facilities were decided upon, the 
Illinois Cities Water Co., owner of the 
public water system in Tuscola, IIL, 
made an agreement with National 
Petro-Chemicals Corp. to purchase its 
entire water production and waste 
treatment installations. The Indus- 
trial Water Supply Co. formed to op- 
erate this system is one of the few 
companies furnishing water solely to 
a large industry. Because this water 
works does not sell water to the public, 
it is not under the regulations of a 
utility commission. 

The treatment plant began supply- 
ing the early construction demand of 
National Petro-Chemicals Corp. in 
January 1953. The supply was ob- 
tained from the river as natural runoff 
until August. From then until Feb- 
ruary 1955 there was not a month in 
which the wells were not used to sup- 
plement the natural river flow. In 
June 1954, only about 9 mil gal of well 
water was required, whereas in Sep- 
tember 1954, 178 mil gal was needed 
In December 1953 and January 1954, 
5.6 mgd was used by the plant. Dur- 
ing this time the river froze over, re- 
stricting the natural flow, and water 
had to be pumped from the wells to 
keep an adequate supply at the intake. 

Inasmuch as it takes the water about 
36 hr to go from the wells to the river 


DISCUSSION——FORE 


Discussion 


871 


lift station, the flow is difficult to regu- 
late, especially if pumping is required 
in seasons when normal rainfall can be 
expected. If the wells are operating 
at the time of a heavy rain, water 
has been unnecessarily pumped. 
Waste also occurs during the winter 
months when much of the flow is re- 
tarded by freezing, because withdrawal 
capacity is often exceeded after warm- 
weather thawing. 

The Northern Illinois Water Corp., 
which also makes use of the Lower 
Teays Valley in supplying Champaign- 
Urbana, has found that the withdrawal 
from the Industrial Water Supply 
wells, located about 2} miles south of 
its own wells, affects their water level. 
During a period of heavy pumping, the 
level dropped about 3.5 ft in the 
Northern Illinois Water Corp. wells. 

The treatment of industrial waste 
from the National Petro-Chemicals 
Corp. is sometimes of great impor- 
tance, particularly during the low pe- 
riods of flow. Used water was cus- 
tomarily returned to the river about 
500 ft below the plant intake. The 
natural flow was restricted at times be- 
cause of the construction on new pipe- 
line crossings and highway improve- 
ments. These blocks caused the im- 
pounding of the waste water, and in 
order to prevent its backflow into the 
fresh-water intake, sufficient clean well 
water had to be allowed to go over 
its weir at a rate great enough to pre- 
vent such an undesirable reversal of 
flow. This loss of well water, as great 
as 40 per cent, was of concern to the 
Northern Illinois Water Corp. 

The underground supply has sub- 
stantially recovered. No pumping has 
been required since Feb. 12, 1955, the 


872 COMBINATION SUPPLY—DISCUSSION 


end of the most severe drought in 
more than 50 years. 

Wilson discussed the maintenance 
of the 38 miles of channels in the vari- 
ous drainage districts. Annually, be- 
tween May 10 and Jun. 10, the inside 
slopes of these channels must be 
sprayed with a herbicide to kill the 
vegetation, a procedure which has 
given very good results. Every 10 
years the main watercourse will have 
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to be redredged to remove obstructing 
silt. 


The dual water supply system, a 
very unusual arrangement, has been in 
operation for more than 2 years, part 
of the time in a period when there was 
only about 50 per cent of the normal 
rainfall in the area. The industrial de- 
mand for water, however, was unfail- 
ingly met. 
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Aeration of Water 


Revision of ‘Water Quality and Treatment,’ Chapter 6 


A revision of Chapter 6 of the second edition of Water Quality and 
Treatment (American Water Works Assn., New York, 1950), pre- 
pared by AWWA Committee E5.B1—Revision, Chapter on Aeration. 
The members of the committee were: G. R. Scott (Chairman), Q. B. 
Graves, P. D. Haney, Lawson Haynes, J. E. McKee, Malcolm Pirnie 


Jr., G. J. Rettig, and J. H. Svore. 


1. Introduction 


N water treatment practice, the term 
“aeration” is applied to those proc- 
esses in which water is brought into 
intimate contact with air for the pur- 
pose of changing the concentrations of 


volatile substances contained in the 
water. M. N. Baker (7) states: 
In the eighteenth century, artificial 


aeration was directed at making up the 
oxygen deficiencies of distilled water and 
of rain water that had been stored in 
household cisterns. Toward the end of 
the eighteenth century and early in the 
next, aeration was applied to a few public 
water supplies carrying decomposed vege- 
table or animal matter. Not until the last 
half of the nineteenth century did aera- 
tion become a marked feature of munici- 
pal supplies. Even then, the number of 
applications was small and _ pertained 
chiefly to stored waters subject to taste 
and odors from algae growths, In this 
period, aeration was applied here and 
there, generally to ground waters, for the 
removal of iron, and then of manganese, 
and also to eliminate malodorous gases 
from sulfur-bearing ground waters. 


The inventory of water treatment 
plants prepared by the US Public 
Health Service in 1948 lists 1,574 
plants having aerators (2). This is 
the breakdown as to type: 


Cascade 462 

Trays 365 

Spray 182 

Patented types 118 

Combinations 52 

Unspecified 395 
2. Purpose 


The basic purpose of aeration is the 
improvement of the physical and chem- 
ical characteristics of water for domes- 
tic, commercial, and industrial use. 
The accomplishment cf this intent re- 
quires in some cases a decrease and in 
others an increase in the concentrations 
of volatile substances in the water. 

Substances that may be decreased by 
aeration include : 

a. Substances that produce 
and odors, such as hydrogen sulfide 
and some volatile organic compounds. 

b. Substances that increase the cor- 
rosive action of water, such as carbon 
dioxide and hydrogen sulfide.  Al- 
though oxygen may also be considered 
in this category, its concentration is 
seldom decreased by the usual aeration 
processes under the conditions of tem- 
perature and pressures encountered in 
water treatment plants. 

c. Substances that react or interfere 
with chemicals used in the treatment 
of water. These materials include car- 
bon dioxide in softening and iron re- 
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moval processes and hydrogen sulfide 
before chlorination. 

d. Miscellaneous 
methane. 

Substances that may be added to 
water by aeration include: 

a, Gases from the atmosphere, par- 
ticularly oxygen, which is useful in the 
improvement of taste and odor and for 
the oxidation of iron, manganese, hy- 
drogen sulfide, and, to a limited extent, 
organic matter. 


gases, such as 
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drogen sulfide for more _ effective 
removal. 

3. Limitations 


Aeration generally is not an efficient 
method for the removal or reduction of 
tastes and odors because most of the 


substances causing the undesirable 
traits are not sufficiently volatile. 
When the volatility is adequate, how- 


ever, these substances can be removed 
by the process. 


Pig. 6-1. 


The installation shown is at West Palm Beach, Fla. 


Spray Aerators 


Spray 


aerators require such a large area that they cannot be housed 
economically, and they generally are not used during freezing 
weather. 


b. Substances that alter the charac- 
teristics of water in preparation for a 
subsequent processing step. In the 
recarbonation process, after softening 
with excess lime, carbon dioxide is 
added by an aeration device for the 
neutralization of causticity. Carbon 
dioxide is also added at times during 
aeration to waters high in sulfides in 
order to lower the pH value and 
thereby increase the volatility of hy- 


The essential oils of algae—released 
as the organisms disintegrate—are not 
highly volatile and, hence, are not satis- 
factorily removed by aeration alone. 
Odor removals of only 50 per cent 
have been reported where Synura was 
the causative organism. Among those 
reporting that aeration alone has not 
been successful in the satisfactory re- 
duction of tastes and odors caused by 
algae are the plant at Denver and the 
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Oklahoma A. & M. plant at Stillwater, 
Okla. Others report satisfactory op- 
eration, but indicate that activated car- 
bon is also used for taste and odor re- 
duction. A number of plants in Ohio 
(Akron, Barberton, Fremont, Nelson- 
ville, Piqua, and Wellston) have dis- 
continued the practice because aeration 
either has been ineffective or has ag- 
gravated the trouble. The plants at 
San Diego, Calif., Bloomington, IIL, 
and Riverdale, N.J., also report that 
the use of aerators for taste and odor 
reduction has been discontinued. 

Tastes and odors caused by chemi- 
cals carried by some industrial wastes 
may be aggravated by chlorination. 
Although not satisfactorily reduced by 
direct aeration, some of these odors 
may disappear after storage of a few 
days following aeration (3). 

The most important functions of 
aeration are the removal of carbon di- 
oxide from water prior to lime-soda 
softening and the addition of oxygen 
for the removal of iron and manganese. 
The benefits in these processes, how- 
ever, are not always obtained com- 
pletely without adverse effects. In 
some plants the oxygen entering solu- 
tion during the aeration process ren- 
ders the water more corrosive (4). 
Lansing, Mich., reported that during 
aeration of well water for the reduction 
of carbon dioxide prior to softening 
and iron removal, numerous com- 
plaints of red water in hot-water sys- 
tems were received; after aeration was 
discontinued and the carbon dioxide 
was neutralized with lime in the regu- 
lar plant treatment process, the com- 
plaints ceased and did not recur. Ann 


Arbor, Mich., and LaGrange, IIl., have 
also discontinued aeration in order to 
stop formation of red water. 

Aeration alone is usually sufficient 
to cause precipitation of iron and man- 
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ganese when organic matter is not 
present (5). When such material is 
present, it combines with the iron and 
manganese to form complex com- 
pounds which do not precipitate satis- 
factorily after aeration. In such in- 
stances it has been found that moder- 
ate rather than vigorous aeration gives 
better results. 

The use of aerators after treatment 
or as the sole treatment for well waters 
should be examined quite critically, 
particularly as the water is subjected 
to airborne contamination. At one 
plant, filtered water enters the reser- 
voir through spray nozzles throwing 
the water from 12 to 14 ft into the air. 
During 1949, the effluent contained 
coliform organisms although tests on 
the influent were negative. West Palm 
Beach, Fla., abandyned aerators be- 
cause chironomids laid eggs on the sur- 
face of water in the basins and the 
larvae or bloodworms, after hatching, 
appeared at the consumer taps. 

In supplies where the carbon diox- 
ide content of the raw water is low, 
or where other treatment processes 
are relied upon to remove or reduce 
tastes and odors, the cost of aeration 
should be compared with that of chemi- 
cals required to accomplish the same 
purpose. If the main purpose of aera- 
tion is taste and odor reduction, it is 
quite probable that no additional 
chemicals will be required when aera- 
tion is discontinued. On the other 
hand, additional lime will be required 
to neutralize the carbon dioxide that 
would be removed by aeration. An 
exception (6) to this general statement 
is found at Appleton, Wis., where the 
reduction in threshold odor by aeration 
during August and September is about 
23 units, while during October and 
November, when the water is colder, 
the reduction is from 3 to 5 units. 
Aeration is economical in the warmer 
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months, but is of questionable value 
during October and November. An- 
other exception is the installation at 
the Nitro, W.Va., plant of West Vir- 
ginia Water Service Co. (7). 

About 10 ft of head is required for 
many of the waterfall aerators, and air 
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as 39 kwhr per million gallons, or the 
requirement for pumping based on 80 
per cent efficiency. Theoretically, 1 
ppm carbon dioxide requires 5.9 lb of 
90 per cent quicklime per million gal- 
lons for partial neutralization to cal- 
cium bicarbonate and 11.8 lb per mil- 


Pig. 6-2. Multiple-Tray Aerator 


This slat-bottomed unit—in use in Duval County, Fla.—pro- 

duces good turbulence and exposes a large water surface area 

to the atmosphere. The illustration is taken from a paper by 
S. W. Wells (8). 


must be compressed to about the same 
extent in the diffused-air type. The 
power requirements for the two do not 
differ materially and—for the purpose 
of the following comparison—are taken 


lion gallons for complete neutralization 
to calcium carbonate. If the cost of 
power is $0.01 per kilowatthour, the 
operating expense of aeration will be 
approximately $0.39 per million gal- 
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lons. If lime costs $0,008 per pound, 
the cost per million gallons for remov- 
ing 1 ppm carbon dioxide by complete 
neutralization is $0.095. For partial 
neutralization, the cost would be one- 
half this amount. If the reduction of 
carbon dioxide is no more than ap- 
proximately 4-8 ppm, it may be more 
economical to discontinue the use of 
aeration. Baylis (9) is of the opinion 
that where the carbon dioxide content 
is approximately 10 ppm or less, it is 
usually cheaper to neutralize with lime 
or soda ash than to employ aeration. 


4, Theory 


The relative amounts of the volatile 
substances contained in air and water 
and their concentrations in water with 
respect to their saturation value are 
factors that control the rate at which 
the interchange takes place. Sub- 
stances that occur in water in amounts 
less than or in excess of their satura- 
tion values are changed in concentra- 
tion by aeration, with the saturation 
value the limit of change for both 
conditions. 

The substances involved in the re- 
action must be volatile, as are oxygen, 
carbon dioxide, and hydrogen sulfide ; 
their concentrations in water are read- 
ily affected by the process. Many of 
the taste- and odor-producing com- 
pounds occurring in water as the result 
of algal growths or industrial wastes 
are not volatile at the temperatures en- 
countered in natural waters and cannot 
be removed by aeration. As higher 
temperatures increase the volatility of 
the compounds and decrease their satu- 
ration values, aeration for the removal 
of volatile materials is more effective 


in warm than in cold waters. 

The interchange of the substances 
from water to air or vice versa takes 
place at the air-water surface. 


The 


OF WATER 877 
rate at which transposition occurs is 
the result of the relative concentrations 
of the substance at this surface and 
the rapidity with which new surfaces 
are formed and exposed. 
lecular diffusion of gases through liq- 
uids occurs at low rates which exert 
little effect on the efficiency of the 
process, all types of aerators, to be effi- 
cient, must develop and continually 
change large surface areas where fresh 
contacts are made and through which 


Jecause mo- 


the interchange may take place. 

The exchange can be described by 
these formulas, based on equations 
given by Lewis and Whitman (10) 
and discussed by Haney (11): 


a. Gas absorption: 


C, = S — (S — Co) (1) 
b. Gas release: 
C, = + (Co — S)10-* (2) 


These formulas and the differential 
equations from which they are derived 
indicate that : 

a. At any instant, the rate of gas 
transfer is directly proportional to the 
difference between the gas saturation 
concentration (S$) and the actual con- 
centration (C;,) in the water. 

b. The rate of gas transfer is di- 
rectly proportional to the ratio of the 
exposed area to the volume of water 
(A/V). 

c. The rate of gas transfer is di- 
rectly proportional to the gas transfer 
coefficient (k) which, in turn, is de- 
pendent on the diffusivity of the gas 
in question and the film resistance. 
d. The total amount of gas transfer 

greater the time of aeration 
increases. 

e. The percentage change in gas 
saturation deficit (S — C,) or surplus 
(C,—S) for any given time period 


18 as 
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(t) is constant, based on the deficit or gas solubility (S$). Temperature also 
surplus at the beginning of the time influences diffusivity and film resist- 


period. ance and, hence, the value of k. 
f. Temperature and pressure are im- The term C, is the concentration of | 
portant factors because they influence gas originally present in the water. 
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5. Design and Operating Data 


The time factor and the ratio of sur- 
face area to the volume of water, 4/V, 
are important considerations in the de- 
sign of an aerator. The partial pres- 
sure or the concentration in the air of 
the gas to be removed must also be 
considered and provision made for ven- 
tilation in installations where the unit 
is to be housed. 

Aeration equipment used in present 
practice employs one of two methods 
to control time and A/V. One ex- 
poses water films to the air and the 
other introduces air in the form of small 
bubbles in the water. The first is gen- 
erally known as the waterfall type and 
the second as the diffused-air type. 

Because waterfall aerators—as the 
name implies—require that the water 
be dropped in the process, their use 
results in the loss of a considerable 
amount of head. On the other hand, 
although little or no loss of head is re- 
quired for the diffused-air units, they 
require the expenditure of energy in 
compressing the air and forcing it 
through small orifices into the water 
at some distance below the surface. 

Difficulties in the operation of water- 
fall aerators can be expected from 
freezing during the winter in extreme 
climates unless they are housed. If 
an aerator is enclosed, careful consid- 
eration must be given to ventilation 
in the interest of efficiency and safety. 

The work of Brown (12) at Mem- 
phis demonstrated that good ventila- 
tion is necessary for the effective re- 
moval of gases from solution. His 
conclusion, based on data from pilot 
and full-scale plant operations, was that 
the media in multiple-tray aerators 
should be so arranged that fresh air 
continuously passes through the falling 
water and over the media. He further 
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concluded that it was impossible to 
secure consistent results with an aera- 
tor dependent on natural ventilation 
alone. Better removals were obtained 
when a breeze was blowing than when 
a calm prevailed. 

Ventilation for an enclosed aerator 
is also of importance from a safety 
standpoint in the removal of carbon 
dioxide, methane, and hydrogen sul- 
fide. The first named is an asphyxiant, 
the second creates an explosion hazard, 
and the third is highly poisonous. 

As corrosion of the structure and 
equipment represents a major consid- 
eration in the design of aerators, mate- 
rials which will resist the action of the 
water must be used. Concrete, alumi- 
num, asbestos-cement, copper-bearing 
steel, stainless steel, and creosoted 
lumber have been used in the con- 
struction of aerators. Bronze and cast 
iron are used in nozzles and a number 
of patented devices. Ordinary steel 
should be used only in those locations 
that are readily accessible for painting 
at frequent intervals. 

Because slime and algal growths may 
be troublesome in waterfall aerators of 
the cascade and tray types—especially 
if the units are located outdoors and 
subject to sunlight—treatment by chlo- 
rine or copper sulfate may be necessary. 


6. Waterfall Aerators 


a. Spray aerators. Spray aerators 
consist of fixed nozzles on a pipe dis- 
tribution grid, through which the water 
is forced into the air, as in a fountain 
(see Fig. 6-1). Spray aerators pos- 
sess great public appeal and aesthetic 
value. They require such a large area 
that they cannot be housed economi- 
cally, and they generally are not oper- 
ated during freezing weather. 

The time of exposure of each droplet 
of spray depends upon its initial veloc- 
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ity and its trajectory, while the size of 
the droplet (and consequently its sur- 
face area—volume ratio, A/V) is a 
function of the dispersing action of the 
nozzle. 

The initial velocity is given by the 
equation 


V = C, v2gh.. (3) 
and the discharge by the equation: 
QO = V2gh........(4) 
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The trajectory of the spray may be 
vertical or inclined. If @ represents the 
angle between the initial velocity vector 
and the horizontal, the theoretical time 
of exposure of the droplet is given by 
the equation : 


t = 2C, sin @ 


g 


As the sine of an angle less than 90 
deg is less than 1.0, it is apparent that 
the vertical jet gives the longest time 


L 


Diffuser Tubes << 


Baffles 


= 


Fig. 6-4. Diffused-Air Unit 


For an equal expenditure of energy, this aerator provides a 
longer aeration time than the waterfall type. 


in which h is the total head on the 
nozzle; g is the acceleration of grav- 
ity; a is the area of the opening; C, 
is the coefficient of velocity; Cy = C,C, 
is the coefficient of discharge; and C, 
is the coefficient of contraction. The 
coefficients of velocity, contraction, and 
discharge vary widely with the shape 
and other characteristics of the orifice 
or nozzle. 


of exposure for a given head. The 
inclined jet, however, has a longer path 
of travel, resulting in less interference 
among the falling droplets. 

The design of the nozzle is extremely 
important in achieving optimum dis- 
persion of the water. Nozzles vary 
from those with plain tips to those 
which impart a whirling motion to the 
water. Among the special designs are 
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the rifled nozzle, the centrifugal (West 
Palm Beach) nozzle, impinging de- 
vices, Sacramento floating cones, and 
rotating reaction nozzles similar to cer- 
tain lawn sprinklers. 

The size, number, and spacing of the 
nozzles depend upon the head and the 
area available for aeration. Nozzles 
generally used are from 1 to 14 in. in 
diameter, as smaller nozzles tend to 
clog and require excessive maintenance. 
The discharge ratings vary from about 
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a head of 20 ft), and this type is no 
more efficient than others requiring 
less space. 

Table 6-1 lists the pertinent details 
of construction and gives the results of 
carbon dioxide removals of a number 
of typical spray aerators. Flentje (13) 
reports that, in general, spray aerators 
will remove from 70 to 80 per cent of 
the carbon dioxide and that removals 
as high as 90 per cent have been 
experienced. 


TABLE 6-1 


Typical Spray Aerators 
| 
Space | Operating Results 
Design Number} Pres- | ber | 
Installation of Type sure | Capac COr—ppm 
med Nozzles pst ity Flow 
| ft/ | med 
med Raw | Aerated 
Contra Costa, Calif. 12 42 4 Sacramento 1.64 | 138 
Denver, Colo.* North 64 600 3 special 11.27 | 85 64 trac 5 
Side Filter Plant 100 600 3 special 6.50 | 54 | 100 trace 5 
Jacksonville, Fla.t | 
Main St. 12.95 200 2.5 floating cone 0.98 97 7 10 4 
Hendricks Ave. 7.30 26 6 adjustable cone 1.19 129 2 s 4 
West Palm Beach, 20 202 2,3 West Palm 10 | 78 | vari 3.7 12.9 
Fla.t Beach | able 
Bangor, Me.§ 8 80 2 to 2.5 | patented 3 | 50 4.25 75 
Lawrence, Mass. |! 10 | 70 10 Sacramento 1.73 700 
Springfield, Mo. | 56 | 39 | 12 | patented 17 | 1,000 | 
Appleton, Wis. # 5 | 72 3.5 KX 4) patented 2.3 128 | 
| 


* Surface supply essentially free of carbon dioxide. 


t Supply from deep wells, all containing hydrogen sulfide in concentrations from 1.5 to 2.0 ppm; aeration re- 
moves from 25 to 40 per cent and supplies oxygen for oxidation of remainder. 


t Supply from shallow lakes 


aeration for reduction of algal odors; 


carbon dioxide reduction for iron removal; 


alum added prior to aeration, which accounts for high carbon dioxide content of aerated water. 
§ Surface supply; aerator for reduction of carbon dioxide and nitrogen trichloride; aerated water contains 


about 15 ppm free chlorine. 


|| Surface supply; aerator for reduction of algal odors. 
# Surface supply; aerator for reduction of algal odors; average reduction of threshold odor from 24 to 51 


per cent reported; alum added prior to aeration. 


75 to 175 gpm at 10 psi and the spac- 
ing varies from 2 to 12 ft. The area 
required appears to range from 50 to 
150 sqft per million gallons per day 
of capacity. 

Although spray aerators are spec- 
tacular and provide a high surface- 
volume ratio in the fine droplets, the 
time of exposure is very short (about 
2 sec for a vertical jet operating under 


Not listed in Table 6-1, but worthy 
of mention, is the installation of the 
Nitro plant of the West Virginia Water 
Service Co., Charleston, W.Va. (7). 
Threshold odors of 5,000—6,000, caused 
by industrial wastes, have been en- 
countered in the raw water. The pri- 
mary aerator operates 12-16 hr per 
day with pressures at 55 psi, while the 
water from the collecting basin is re- 
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circulated through the sprays for the 
remainder of the 24 hr. Water is also 
drawn from this basin and forced 
through a second set of sprays at a 
pressure of 25 psi before going through 
the rest of the treatment processes. 
From 97 to 99 per cent of the odor is 
removed by the aeration procedure, 
leaving a threshold odor of approxi- 
mately 60 to be removed by other 
means. 

b. Cascade aerators. Many vari- 
eties of cascade aerators are in use. 
The general principle is to spread the 
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The surface area—volume ratio and 
the time of exposure in a cascade aera- 
tor are difficult to evaluate. The time 
of exposure can be extended by in- 
creasing the number of steps and the 
surface area—volume ratio can be im- 
proved by adding obstructions to in- 
crease turbulence. Generally, the head 
required varies from 3 to 10 ft. The 
cascade aerator at Champaign—Urbana, 
Ill., reduces carbon dioxide from 44—55 
to 27-34 ppm and, at Ames, Iowa, 
from 18.6 to 10.4 ppm. The floor 
space occupied by the Illinois unit is 


TABLE 6-2 
Typical Multiple-Tray Aerators 
Space Operating Results 
Vertical per 
Type and | Number! Distance Unit of 
Installation Size of of Between! Housing) Capac- COr—ppm 
Media Trays** Pans ity Flow 
in. sq ft/ med 2 
med Raw | Aerated 
Naples, Fla.* 1.1 81 | 2-in. coke 4 18 | outside} 74 0.67 | 28 | 4 
Wichita, Kan.t 48 986 2-in. coke 5 | 18 | inside | 21 | 30 21 79 
Owensboro, Ky.t 10 2380 coke 6 } 14 | outside; 28 54 34 | 8 
Columbia, Mo.§ 3 160 none 5 | 18 | out- | 
| sidett 
Marshall, Mo. || 2 80 | none 6 18 | inside 40 | 103 | 28 10 
Memphis, Tenn. | | | 
Allen station# | 30 896 | 3-in.6-in.| 10 154 | inside | 30 | 105 | 96 | 3.2 
| coke | 
Sheehan station # 30 690 | coke 6 | 16 inside 23 22.6 38 10 


* Removal of hydrogen sulfide and carbon dioxide. 


+ Removal of carbon dioxide; has forced draft ventilation at rate of 29,500 cfm. 


Removal of carbon dioxide. 
Removal of hydrogen sulfide. 


|| Removal of carbon dioxide; has forced draft ventilation at rate of 2,000 cfm. 
# Removal of carbon dioxide; natural ventilation through open walls. 


** Including distribution pan. 
tt With roof and screen sides. 


water as much as possible and let it 
flow over obstructions to produce tur- 
bulence and to change water surfaces 
in contact with the atmosphere. The 
simplest unit is a concrete-step struc- 
ture which spreads the water and al- 
lows it to fall from one level to another. 
Some commercial equipment is con- 
structed in the form of circular trays 
with shallow weirs on their periphery. 
The water, spread in the shallow trays, 
flows in thin sheets over the weirs as 
it drops from an upper to a lower tray. 


45 sqft per million gallons per day of 
capacity; that taken up by the Iowa 
unit is 86 sqft. The area of the unit 
at Oklahoma A. & M. is 38 sqft per 
million gallons per day. Flentje (73) 
reports that removals of carbon diox- 
ide by cascade aerators vary from 20 
to 45 per cent. Where climatic condi- 
tions make it necessary, these installa- 
tions can be housed to provide for win- 
ter operation. 

c. Multiple-tray aerators. Multiple- 
tray aerators consist of a series of trays 
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equipped with slat, perforated, or wire 
mesh bottoms over which water is dis- 
tributed to fall to a collection basin at 
the base (see Fig. 6-2 and 6-3). In 
most aerators, coarse media such as 
coke, stone, or ceramic balls—ranging 
from 2 to 6 in. in size—are placed in 
the trays to increase efficiency. These 
types produce good turbulence and 
expose a large water surface area to 
the atmosphere. The time of contact 
can be increased by the addition of 
more trays. Coarse media are espe- 
cially efficient when used as a prepara- 
tory step in the removal of iron and 
manganese, because the media become 
coated with films which catalyze oxi- 
dizing reactions of the minerals to 
cause their precipitation. 

From three to five trays are fre- 
quently used, with the spacing between 
them varying from 12 to 30 in. The 
area required for the trays appears to 
vary from 23 to 73 sqft per million 
gallons of capacity, with most of them 
requiring less than 30 sqft. Housing 
for this type of unit is less expensive 
than for the spray and cascade ones be- 
cause of the smaller space requirements. 

Information on a number of typical 
multiple-tray aerators is given in Table 
6-2. The rate at which carbon dioxide 
is removed by these can be approxi- 
mated by this empirical formula: 


C, is the concentration of carbon di- 
oxide (parts per million) after pass- 
ing through n trays (including the dis- 
tribution pan) ; C, is the concentration 
of carbon dioxide (parts per million) 
as determined originally in the water 
in the distribution pan; K is a coeffi- 
cient (apparently ranging from 0.12 to 
0.16) which depends on the amount of 
ventilation and other characteristics of 
the unit. 
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The similarity of Eq 6 to Eq 2 
should be noted. The former does not 
contain the quantity S which appears 
in Eq 2, but as this is only about 0.5 
ppm, its omission results in no signifi- 
cant decrease in accuracy of the ex- 
pression for raw water containing 
more than approximately 10 ppm car- 
bon dioxide. The value of K in Eq 6 
is equivalent to the A/V in Eq 2, and 
n in Eq 6 takes the place of ¢ in Eq 2. 

Wells (8) reports 35-45 per cent 
removal of dissolved sulfides by 
multiple-tray aerators with slat bot- 
toms in Duval County, Fla. 


7. Diffused-Air Aerators 


For an equal expenditure of energy, 
a unit of the diffused-air type provides 
a longer aeration time than the water- 
fall type because the rising bubbles 
have a lower average velocity than the 
falling drops. From the standpoint of 
gas exchange, this is a distinct advan- 
tage in favor of the diffused-air 
method. Other factors, including tur- 
bulence, surface area—volume ratio, and 
surface film thickness, however, also 
influence aerator performance; the 
waterfall type has the advantage in 
these respects. Diffused-air aerators 
conserve the hydraulic head and are 
not subject to freezing. On the other 
hand, they frequently have higher ini- 
tial costs and may require greater ex- 
penditures for maintenance than water- 
fall aerators. When making a choice 
between the two types for any specific 
installation, due consideration must be 
given to the factors relating to the ef- 
ficiency of operation in addition to 
those concerned with the cost and 
adaptability. 

Diffused-air units generally consist 
of rectangular concrete tanks in which 
perforated pipes, porous diffuser tubes 
or plates, or patented impingement de- 
vices are inserted near the bottom (see 
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Fig. 6-4). Compressed air is injected 
through the system to produce fine 
bubbles which—on rising through the 
water—produce turbulence, resulting 
in a continual change of exposed sur- 
face. Tanks are commonly 9-15 ft 
deep and 10-30 ft wide. Deeper tanks 
require higher air compression, which 
adds to the cost of operation without 
corresponding improvement in the ef- 
ficiency, as the rising bubbles expand 
and tend to coalesce. Shallower depths 
reduce the time of contact of the bub- 
bles with the water and the effective- 
ness of the process. Ratios of width 
to depth should not exceed 2:1 if ef- 
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the purpose of the aeration, but gener- 
ally varies from 0.01 to 0.15 cu ft per 
gallon of water treated. Sufficient dif- 
fuser capacity must be provided to sup- 
ply air at this rate without excessive 
head loss. Lateral baffles are used in 
some cases to prevent short-circuiting 
through the basin. 

The blower pressure required de- 
pends upon the depth at which the 
diffusers are placed and the friction 
loss through the air distribution sys- 
tem. Power requirements vary from 
0.5 to 2.0 kw per million gallons per 
day of capacity, with an average of 
about 1.0 kw. 


TABLE 6-3 
Typical Diffused-Air Aerators 


Capacity | Period of 


Installation med | 
Huntingburg, Ind.* 0.4 8.5 
St. Paul, Minn.t 48 0.16 
Brownsville, Tex.* 14 
Fort Atkinson, Wis.* 0.75 18 

11.6 0.21 


Kenosha, Wis.t 


* Data from Roe (/4). 
t Activated carbon also used for odor removal. 


fective mixing is to be obtained. The 
length of the tank is governed by the 
desired retention period, which usually 
varies from 10 to 30 min. 

The air diffusers are generally placed 
along one side of the tank to impart a 
spiral flow to the water, thereby creat- 
ing turbulence and assisting in gas 
transfer. If porous tubes or perforated 
pipes are used, they may be suspended 
at about one-half of the depth of the 
tank to reduce compression heads. If 
porous plates are used, they are located 
on the bottom of the tank. The 
amount of air required depends upon 


Power 
Require- 
Air Re- 
Objective quirement 
cu ft/gal 
Capacity 
kw 
odor removal—mixing 0.10 | 1.46 
odor removal 0.15 0.75 
odor removal—mixing | 0.01 | 
gas removal—mixing | 0.07 0.48 
iron & odor removal 0.16 1.87 
odor removal 0.01 


When porous diffusers are used, in- 
coming air should be filtered carefully 
through an electrostatic unit or a filter 
of metal wool, glass, or hair impreg- 
nated with oil, in order to minimize 


clogging. 
Diffused-air aerators require less 
space than spray aerators and more 


than tray aerators. As there is usually 
no difficulty, however, in operating 
diffused-air tanks during the winter, 
the need for housing is eliminated. 
The space for a tank 15 ft deep—pro- 
viding a retention period of 10 min 
per million gallons per day of capacity 


- 
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—is 62 sqft per million gallons per 
day. Longer retention periods—re- 
quired when the unit is used for mix- 
ing chemicals—require proportionately 


more space. A list of typical installa- 
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Reprints of ‘Water Quality and Treatment’ Revision 


As a new edition of Water Quality and Treatment will not be published for 
at least several years, reprints of this revised chapter will be distributed without 
charge to future purchasers of the current (second) edition of the book, which 
may be obtained from the Association for $5.00 per copy ($4.00 to members 
paying in advance). Reprints will also be made available for purchase at a 
later date. Further details will be announced in a future issue of the JouRNAL, 


Development of a Fresh-Water Barrier in 
Southern California for the Prevention 
of Sea Water Intrusion 


Finley B. Laverty and Herbert A. van der Goot-———————— 


A paper presented on Jun. 14, 1955, at the Annual Conference, Chi- 
cago, Ill., by Finley B. Laverty, Chief Hydr. Engr., and Herbert A. 
van der Goot, Supervising Civ. Engr., in Charge of Hydr. Div., 
Water Conservation Sec., both from Los Angeles County Flood Con- 


trol Dist., Los Angeles, Calif. 


EA water has been displacing valu- 

able fresh water supplies in a great 
number of coastal ground water basins 
of the United States at an alarming 
rate and is threatening such derange- 
ment in many other basins. This phe- 
nomenon is not uncommon elsewhere 
in the world where the overdevelop- 
ment of coastal ground water supplies 
has upset nature’s balance, reversing 
normal fresh water gradients and per- 
mitting sea water to degrade the fresh 
water. Such intrusion will eventually 
destroy the usefulness of the entire 
ground water reserves of the affected 
basin unless preventive measures are 
undertaken. Through personal con- 
tact and correspondence with engi- 
neering personnel from various coastal 
states in the United States and from 
other countries, particularly the Neth- 
erlands and countries bordering on the 
Mediterranean, the authors have found 
that salt water intrusion is the cause 
of great concern to many countries and 
public agencies. 


Historical Background 


Sea water intrusion and its degra- 
dation of well supplies have been stud- 
ied during the past 30 years in Cali- 


fornia. In December 1950 the Cali- 
fornia Division of Water Resources 
reported (/) that 20 out of a total of 
35 important coastal ground water 
basins were suffering serious salt 
water intrusion or were in immediate 
danger from it and that the other fifteen 
were potentially subject to degradation. 

The West Coast Basin in Los An- 
geles County, extending from the 
ocean about 6-8 miles inland to the 
Inglewood Fault and about 11 miles 
along the coast from the Palos Verdes 
Hills to Ballona Creek, was described 
(1) as the most seriously affected 
basin. Consequently, it was selected 
as the site for an experimental cre- 
ation of a fresh-water barrier (Fig. 
1). Probably, the most complete in- 
formation available on serious sea 
water intrusion has been compiled for 
this area by private and public engi- 
neering agencies. The possibility of 
critical ground water depletion or sea 
water intrusion in the West Coast 
Basin was predicted by the US Geo- 
logical Survey as early as 1905. The 
Los Angeles County Flood Control 
Dist., which has been sampling ground 
water in the West Coast Basin for 
about 25 years, initially noted the com- 
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mencement of intrusion and brought 
this occurrence to the attention of local 
water-producing agencies. By 1931 
the mineral constituents of the ground 
water 2,000 ft inland at Manhattan 
Beach were too great for potability. 
After local interests retained consult- 
ants to study the situation, reports 
were rendered outlining the problems 
and making certain recommendations 


(2). In 1943 a comprehensive, co- 
% 
\ Scale in miles 
% 
Hyperion - NY 
Outtall \ % 
Sal \ 
Manhattan\\ Fresh Water 
Beach \ Barrier Project. * 
\ 
Redondo / 
\ / 
‘ 
Long Beach 


* Palos Verdes 


FRESH-WATER BARRIER 


Hills 
4 San Pedro 
Fig. 1. Fresh Water Barrier Project 


The West Coast Basin lies between the 
ocean and the Inglewood Fault. 


operative ground water investigation 
of the critical situation in the West 
Coast Basin was undertaken by the 
US Geological Survey and the Los 
Angeles County Flood Control Dist. 
As a result of the detailed report of 
1948 (3) and others that preceded it, 
local water-producing agencies and 
residents were alerted to the excessive 
overdraft occurring in their basin, 
which was the only available source of 
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supply at that time. The excessive use 
of ground water was the result of a 
tremendously rapid industrial and resi- 
dential growth. Since the annexations 
of this area to the Metropolitan Water 
Dist., beginning in 1948, nearly the 
entire region overlying the ground 
water basin receives some supplemental 
water from the Colorado River. Be- 
cause this additional water is insuffi- 
cient to provide a complete supply, 
further demands must be met from the 
basin. Adjudication procedures were 
recently initiated to restrict pumping, 
and a stipulation has been signed by 
approximately 90 per cent of the water- 
producing agencies in the area to pro- 
vide such limitation voluntarily. Al- 
though these actions represent an im- 
provement, they are still inadequate 
to provide for the recovery of the basin 
or even to place it in balance. Unless 
some preventive action is taken, salt 
water intrusion will continue, eventu- 
ally destroying the usefulness of the 
entire basin. 


Possible Controls 


The report on the cooperative inves- 
tigation suggested these physical pos- 
sibilities for the local control of saline 
water : 


1. The construction of artificial sub- 
surface dikes or cutoff walls 

2. The development, by pumping, 
of a water level trough coastward from 
the saline front 

3. The maintenance of fresh-water 
head above sea level at, and immedi- 
ately inland from, the saline front. 

Only the maintenance of fresh-water 
head is considered economically feasi- 
ble. The fresh-water head of 3-13 ft 
above sea level required along the west 
coast could be attained only by arti- 
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ficial recharge through wells, trenches, 
or pits. 

Later, the California report (7) dis- 
cussed these possible methods of re- 
straining sea water intrusion: 

1. Raising of ground water levels to 
or above sea level by reduction or re- 
arrangement, or both, of the pattern of 
pumping draft 

2. Direct recharge of overdrawn 
aquifers to maintain ground water 
levels at or above sea level 

3. Maintenance of a _ fresh-water 
ridge above sea level along the coast 

4. Development of a pumping trough 
adjacent to the coast 

5. Construction of artificial subsur- 
face dikes. 

The California report also stated: 

Cost is an important factor which must 
be considered in the selection of proper 
method of control. 

The first method [see No. 1 above] of 
control, while not necessarily the most 
desirable, would always be effective in 
the coastal ground water basins. A de- 
tailed and extensive engineering inves- 
tigation would be required in order to 
establish salient hydrologic and geologic 
features necessary for the determination 
of a long-term, basin-wide balance of 
draft and replenishment and program of 
pumping draft reduction or relocation. 
The other methods would require addi- 
tional detailed investigation and experi- 
mentation in order to determine their 
feasibility as sound engineering and eco- 
nomic methods of restraint of sea water 
intrusion. It is probable that the solu- 
tion for restraint of sea water intrusion 
in a particular ground water basin might 
utilize one or more of these latter meth- 
ods in conjunction with raising of ground 
water levels to or above sea level by 
reduction or relocation of pumping draft. 


Most Promising Method 


Los Angeles 


Experience of the 
Flood Control Dist. indicated that the 
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maintenance of a fresh-water head 
above sea level was the most promis- 
ing of the suggested solutions. Pre- 
vious studies had showed that a fresh- 
water head could be obtained through 
the use of spreading basins or gravel- 
packed seepage pits in unconfined 
aquifers and that recharge through 
wells would create such heads in con- 
fined aquifers. Consequently, an ex- 
perimental well recharge test was con- 
ducted by the Los Angeles Flood Con- 
trol Dist. in 1950 at one of the aban- 
doned Manhattan Beach wells (4) 
about 4,000 ft inland from the coast, 
leading, in part, to these conclusions: 

1. The creation of a_ fresh-water 
ridge along the coast seems to be the 
best solution to the problem of re- 
straining sea water intrusion. 

2. Bacterial will form and 
clog the aquifers being recharged un- 
less the flow is disinfected. 

3. It is desirable to exclude air from 
the recharge flow. 

4. The pressure elevations created 
by recharge are approximately propor- 
tional to the rate of recharge. 

As a result of the investigations and 
reports, the California Legislature pro- 
vided $750,000 to be used for investi- 
gation and study, with the objective 
of formulating plans and design cri- 
teria for the correction or prevention 
of damage to the underground water 
of the state by sea water intrusion. 
Planning and allocation of these funds 
were assigned to the State Water Re- 
sources Board, which, on Oct. 1, 1951, 
entered into a contract with the Los 
Angeles County Flood Control Dist. 
for the installation and operation of 
the experimental recharge test at Man- 
hattan Beach and Hermosa Beach in 
the West Coast Basin. Over $642,000 
was allocated for this project. The 
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remaining money was divided among 
the University of California at Berke- 
ley, the University of California at 
Los Angeles, and the US Geological 
Survey for model tests and permeabil- 
ity determinations, chemical quality de- 
terminations relative to base-exchange 
problems, and other factors pertaining 
to the problem of recharging a pres- 
sure aquifer by the injection of fresh 
water through wells to replace intrud- 
ing sea water. 


FRESH-WATER BARRIER 


889 


trusion as related to rate of injection, 
thickness, and permeability of the 
aquifer and the preexisting hydraulic 
gradient 

3. Required spacing of injection 
wells in relation to thickness and per- 
meability of the aquifer and the pre- 
existing hydraulic gradient 

4. Rates and amount of displace- 
ment of saline waters and their degree 
of dilution 

5. Degree of chlorination or other 
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Fig. 2. Extent of Saline Intrusion Normal to Recharge Line 


A—upper boundary of aquifer; B—approximate lower boundary of aquifer. 
conditions depicted were in existence prior to recharge. 


The 


The vertical lines designated 


by letters and numbers, such as “G-13,” refer to the locations of various wells, the 
placements of which are shown in Fig. 3. 


In general, the contract provided for 
ascertaining these factors : 

1. Feasible rates of injection through 
wells, in relation to the thickness, per- 
meability, and other properties of the 
aquifer 

2. Height and shape of the pressure 
mound needed to control sea water in- 


treatment necessary to maintain injec- 
tion capacity of the recharge well and 
the effect of such treatment on the 
growth and formation of microorgan- 
isms within the aquifer body 

6. Type of construction of wells and 
maintenance problems connected with 
continued injection, including such 
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procedures as bailing, surging, shock 
chlorination, dry-ice treatment, and 
aeration 

7. Studies of the base-exchange re- 
action within, and its effect on the per- 
meability of, the aquifer. 


Geology and Barrier Theory 


Preliminary geologic exploration 
and theoretical considerations involved 
in creating a pressure mound within a 
pressure aquifer were published in 
1953 (5). 

Drilling disclosed that the recharge 
site, 2,000 ft inland from the ocean, is 
underlain by sand dune materials, 
below which is an extensive, relatively 
impervious stratum, referred to here- 
after as the ‘clay cap,” which is 20-30 
ft thick. The upper surface of the cap 
varies in elevation from 10 ft above 
sea level to 10 ft below, while the lower 
surface varies from about 10 ft below 
sea level to 40 ft below. An idealized 
geologic section normal to the center 
of the recharge line is shown in Fig. 2, 
which depicts the sea water intrusion 
as an advancing wedge. Drilling re- 
vealed the absence of the cap along 
the shore, a lack probably due to 
stripping by surf activity during an 
earlier period. Pressurization of the 
aquifer may be assumed as being com- 
plete, however, from at least 1,500 ft 
oceanward of the recharge line to, 
probably, several miles inland. 

The aquifer underlying the clay cap 
consists of an upper, brown, phase; an 
intermediate, gray, phase ; and a lower, 
blue-gray, phase. At the recharge line 
these sections are all in hydraulic con- 
tinuity and represent a merging of im- 
portant inland water-bearing aquifers, 
which range in depth from 100 ft to 
several hundred feet below the ground 
surface, but which join to form a sin- 
gle aquifer about 100 ft thick near the 
coast. In general, the aquifer consists 
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of yellowish-brown sands, silts, and 
limited gravel stringers with occasional 
clay bands. The intermediate gray 
phase contains the larger consistent 
gravel stringers, and it grades with 
depth progressively into the lower 
phase, which contains an increasing 
amount of very fine silty sands and 
clay bands. The aquifer is underlain 
by a relatively impervious bottom con- 
sisting of blue silts and clay. The thick- 
ness of the aquifer generally increases 
with distance downcoast (southerly ) 
and inland from the ocean. As dis- 
cussed subsequently, effective injec- 
tion within the thinnest portion of the 
aquifer obviously not only checks fur- 
ther major sea water intrusion with 
the least possible injection rate, but 
also permits recharging of the ground 
water basin with a minimum of waste 
oceanward. 

Project Facilities 

Project recharge wells were located 
parallel to and about 2,000 ft inland 
from the ocean, where ground water 
was 6-12 ft below sea level and aver- 
aged 16,000 ppm chlorides. 

Figure 3 shows a plan of the feeder 
pipeline, distribution line, recharge 
wells, and pattern of observation wells. 
The Colorado River water used for 
injection was obtained from a distribu- 
tion feeder of the Metropolitan Water 
Dist. This pipeline includes about 
7,000 ft of 20-in., 12 gage—welded steel 
pipe laid in public streets. The dis- 
tribution line, consisting of about 
4,300 ft of welded-steel line, 20, 16, 
and 14 in. in diameter, was located 
in a railroad right-of-way, thereby 
minimizing the difficulties of acquiring 
a right-of-way. Recharge wells were 
spaced at intervals of 1,000 ft along 
this path. Intermediate observation 
wells were designed also to be used as 
recharge wells so that spacing could 
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be reduced to 500 ft, if that was found 
desirable. Initially, 36 observation 
wells 8 in. in diameter were drilled; 
then, during recharge operations, 4-in. 
and 2-in. observation wells were put 
down as required. Hence, observa- 


and consisted of a 20-in. conductor, 
which was sealed with cement grout 
at the clay cap; the well was then 
carried to full depth by cable tool, 
with a 12-in. casing and an 18-in. di- 
ameter gravel shoe. In later testing, 
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Fig. 3. Recharge Project Wells and Supply Line 


Key: @—project recharge wells; @—project observation wells ; \}—Manhattan Beach 
wells; O—California Water Service Co. wells; the broken line indicates the supply 
line. (M.W.D. denotes “Metropolitan Water District.” ) 


tions were finally taken in about 58 
project wells, as well as in wells in- 
land from the recharge line. 


Development Methods 


The recharge wells, drilled by cable 
tool methods, had 12-in. perforated 
casings. Well E was gravel packed 


a similarly gravel-packed well (/-A) 
was drilled (utilizing rotary methods ) 
to replace one of the nongravel-packed 
wells. The original 36 observation 
wells were drilled with cable tools, and 
8-in. casings were used, Later, rotary 
drills and 4-in. casings were employed. 
Well development was accomplished 
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by standard surging and bailing proce- 
dures. Recharge wells were further 
developed by 16-18 hr of pumping, 
which was followed by transmissibil- 
ity * tests and permeability computa- 
tions according to the analysis and 
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H 
Pig. 4. Well Header Assembly 
A—feeder line; B—lateral; C—gate 
valve; U—dresser coupling; “—auto- 
matic flow rate meter and_ control 


valve; F—flow rate indicator and totali- 
ser recorder; G—well header; H—back- 
pressure valve in lower well casing; |— 


air and vacuum relief valve; J—air vac- 
uum gage; K—inlet for taking well 
measurements. 


methods developed by Cooper and 
Jacob (6). All well perforations, lo- 
cated in accordance with detailed geo- 
logic logs kept during drilling, were 
placed in only those areas where there 
were sufficient gravels to form proper 
filters. Extensive formation samples, 
including frequent log and drive core 
specimens, taken during drilling in se- 
lected zones were forwarded to the 


*The rate at which percolating waters 
pass through a unit width of a given aquifer 
under a unit hydraulic gradient. 
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Los Angeles Flood Control Dist. labo- 
ratory and the California Division of 
Water Resources for screen analyses 
and permeability determinations. Com- 
prehensive ground water samples were 
also taken during drilling for complete 
chemical analyses, as well as bacteri- 
ologic determinations. Partial chemi- 
cal analyses for chloride, carbonate, 
and bicarbonate were made at a field 
laboratory, and complete analyses for 
significant constituents of well samples 
were made at the testing laboratory of 
the Los Angeles Flood Control Dist. 

Experience with water well sam- 
pling has shown that samples taken 
from a well not being pumped, particu- 
larly from one idle for a considerable 
length of time, are not necessarily rep- 
resentative of the quality of the ground 
water body. Because it was desired to 
obtain pumped samples without dis- 
turbing ground water flow with a large- 
capacity pump, a portable 4-in. sub- 
mersible pump was used. This appa- 
ratus, mounted on a pickup truck, was 
raised and lowered by means of an A 
frame and was powered with a port- 
able gasoline motor generator. The 
pump was used during the entire in- 
vestigation to provide continuous in- 
formation on the salinity conditions on 
both sides of the recharge line. Such 
samples were augmented by conduc- 
tivity traverses to give detailed infor- 
mation on the salinity gradation of the 
aquifer with depth during both pump- 
ing and static conditions. The inter- 
face between fresh and salt water could 
often be identified by means of this 
technique. 

An integral part of the project facili- 
ties was a high-rate automatic-control 
chlorinator, capable of delivering 50- 
2,500 Ib chlorine per 24 hr and an au- 
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tomatic residual chlorine recorder. 
Additional equipment at each recharge 
well header assembly (see Fig. 4) in- 


FRESH-WATER BARRIER 


893 


operated from the ground surface) at 
the terminus of the conductor pipe 
below ground water level. Pressure 


cluded a gate valve, a flow rate control gages and pressure vacuum release 
valve, a standard propeller type meter, valves were also included. 
Well 
c D EF F FG G GH H HIA Yo K L-1 
20 
T T Ti 
Well 
A 
B 
\ 
— 
1 
2,500 2,000 1,500 1,000 500 i) 500 1000 1,500 2,000 2,500 
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Fig. 5. Ground Water Profile Parallel to Coast at Line of Recharge 


A-—Sep. 16, 1954; B—Jun. 15, 1953; C-—Mar. 10, 1953; D—Static water level prior 

to recharge beginning Feb. 12, 1953. An average mound of about 4-8 ft above sea 

level was maintained between the terminal injection wells. See Table 1 for the in- 
injection rates. 


TABLE 1 
Recharge Injection Rates (See Fig. 5) 


Injection Rates-—c/s 
Date Wells 
- | Total 
( | D | | F c | K 
3/10/53 0 0 0.75 | O | 0.75 
6/15/53 105 0.54 | O | 0.36° 048 | 2.43 
9/16/54 0 0.37 | 0.50 | 0.56 | 0.64 | 0.72 | 1.11 | 0.70 | 0.36 | 4.96 
* Well / 


Recharge Operations 

Recharge was initially commenced 
at Well G at a rate of 0.5 cfs. Subse- 
quent increases in flow were made 


a totalizing and instantaneous flow- 
registering recorder, a 6-in. conductor 
pipe within the well casing, and a 
back-pressure valve (which could be 
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after intervals of operation of approxi- 
mately 1 week each. The rate of 
movement of the fresh water to the 
nearest observation wells was closely 
timed by pumped-water 
samples and traverses. 
Shortly after reaching an injection 
rate of 1 cfs at Well G, a surface 
cave-in of considerable proportions oc- 
curred near this well, indicating a fail- 
ure of the clay cap at the site and ne- 
cessitating a reduction in the rate of 
recharge. Shortly thereafter, recharge 
was initiated at Wells E and /, 1,000 
ft to the north and south of Well G, 
respectively. Recharge at Well G was 
discontinued approximately 30 days 
after the subsidence had occurred. 
Unfavorable recharge characteristics 
at Well C and a subsidence at Well / 
similar to that at Well G gave rise to 
plans to utilize the existing intermedi- 
ate recharge Wells D, F, H, and J, 
thereby decreasing well spacing to 500 
ft and, consequently, reducing at each 
well the flow required to build up the 
pressure mound, Later, Well / was 
replaced with a gravel-packed well 
(1-A), about 60 ft north of Well /. 
In November 1953 injection was being 
maintained at 8 wells (D, E, F, G, H, 
1-A,J, and K ), and a continuous fresh- 
water barrier above sea level existed 
for approximately the 4,000 ft affected 
by these wells. A profile of pressure 
gradients along the recharge line, as 
presented in Fig. 5, shows that the 
injection resulted in the 
maintenance of a fresh-water barrier. 
It may be noted (Table 1) that with 
the total combined injection rate of 
4.96 cfs at 8 wells, an average mound 
of approximately 4-8 ft above sea level 
was being sustained between the ter- 
minal injection wells. Figure 5 also 
demonstrates that there is a cumula- 


means of 
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tive effect of recharge through adja- 
cent wells in the development of a 
pressure barrier. 

Figure 6, presenting a profile of 
pressure gradients normal to the cen- 
ter of the recharge line, shows both the 
relatively flat gradient existing be- 
tween the recharge line and the ocean 
and the steeper gradient landward 
from the recharge line. Theoretical 
evaluation of these relative gradients 
indicates that only 5 per cent of the 
recharge will eventually be wasted to 
the ocean, while 95 per cent will flow 
replenish the ground 
The rate of advance of 
ocean is so 


landward to 
water basin. 
fresh water toward the 
slow under the existing gradient in 
Manhattan Beach that no actual waste 
of fresh water to the ocean, about 2,000 
ft away from the recharge line, will 
occur within 10 years of continuous 
recharge. 


Recharge Well Acceptance Rate 

The recharge well acceptance rate, 
or rate at which the well will accept 
flow, is a fundamental factor in deter- 
mining well spacing, as well as in es- 
tablishing the economics of building 
and maintaining a barrier mound. 
The acceptance rate of a recharge well 
depends upon the type and size of well, 
in relation to the characteristics of the 
aquifer; the amount of free chlorine 
available in the recharge water to pre- 
vent bacterial slime formation ; and the 
degree and type of redevelopment uti- 
lized when the acceptance rate falls too 
low. 

It is necessary to define certain ter- 
minology in order to clarify a_ basic 
that has been established in 
Injection head, as 


concept 
the recharge test. 
used in this paper, is the pressure re- 


quired in a recharge well to cause the 
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injected water to pass through the well 
perforations into the face of the aqui- 
fer. This factor is the difference, at 
a given time, between the water sur- 
face elevation in the recharge well 
casing and the maximum piezometric 
ground water surface near the well 
(resulting from the existing pressure 
mound). The injection head is de- 
pendent upon the quantity of water 


in the aquifer immediately adjacent to 
the well. Because normal pressure 
mound elevations are attained when 
the flow becomes laminar, the advan- 
tage of a large-diameter or a gravel- 
packed well to reduce the required in- 
jection head is obvious. 

Mound elevation is the piezometric 
ground water surface at a given point 
of the mound, whose size and shape 
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Fig. 6. Ground Water Profile Normal to Line of Recharge Through Well G 


A—Sep. 16, 1953; B—Jun. 15, 1953; C 


Mar. 10, 1953; D—Static water level prior 


to recharge beginning Feb. 12, 1953. Theoretical evaluation of these gradients indi- 
cates that only 5 per cent of the recharge will eventually be wasted to the ocean, lo- 
cated about 2,000 ft to the west of Well G. 


being injected, the type and size of 
recharge wells, the number of casing 
perforations, and the local transmissi- 
bility characteristics of the aquifer in 
the immediate vicinity of the recharge 
well. Although this head is independ- 
ent of the height or shape of the pres- 
sure mound, it is assumed that the 
head is influenced by the turbulence 
of flow through the perforations and 


are dependent upon the amount of 
water being injected in a given reach, 
the spacing of the recharge wells, the 
transmissibility of the aquifer, and the 
natural ground water gradients as un- 
affected by recharge. 

Injection rates used in the test 
varied widely during different portions 
of the investigation. A maximum rate 
of 1.86 cfs was obtained in gravel- 
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packed Well £ for a few hours. Rates 
at Wells E and /-A over a long pe- 
riod of time indicated the ease with 
which the acceptance rate can be main- 
tained in gravel-packed wells. The 
maximum sustained average rate at 
well E was 1.06 cfs, with a 53-ft head, 
and at Well /-A, this rate was 0.74 cfs, 
with a 20-ft head. Average injection 
rates at the nongravel-packed wells 
were maintained with somewhat greater 
relative unit injection heads. Table 2 
gives the maximum average injection 
rate and its accompanying injection 
head at the test recharge wells. 

Gravel-packed wells, such as Wells 
E and /-A, definitely had better re- 
charge characteristics. Because the 
aquifer encountered primarily 
sand with scattered gravel layers, the 
gravel-packed wells were able to re- 
charge directly all parts of the aquifer 
through which they passed, in con- 
trast to the action of nongravel-packed 
wells. In a predominantly sandy aqui- 
fer, the advantage of increased accept- 
ance rate and lower injection head is 
sufficient to justify the additional cost 
of gravel-packed wells for recharge 
purposes, even though the cost of such 
wells may be as much as twice that of 
standard wells. In a coarse-gravel 
aquifer, recharge could probably oc- 
cur through a nongravel-packed well 
without excessive injection head 
requirements. 

Specific studies of the optimum well 
size were not made because it was felt 


Was 


that the success of the overall program 
might be jeopardized by the possibility 
of drilling too small a well for the re- 
charge line. From experience gained 
in the 1950 recharge well test and 
from the two principal types of wells 
in the recharge line, it is felt that the 
best well for recharge purposes, in 
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relation to the aquifer material at the 
test site, is one with a relatively large 
gravel-packed envelope and a rela- 
tively small casing. Consideration of 
the economic factors and the necessity 
for providing sufficient work space for 
well tools, sample pumping equipment, 
conductor pipes, and valves within the 
casing indicates that a 24-in. gravel- 
packed well with a 12-in. casing may 
prove best for recharging. 


Chlorination 


Because the 1950 recharge well test 
showed that it was necessary to main- 
tain a free-chlorine residual in re- 
charge water in order to prevent a 
rapid decline of acceptance rate 
through the formation of bacterial 
slimes, which apparently tend to clog 
casing perforations and local aquifer 
interstices, chlorination was consid- 
ered in the earliest phases of planning 
for the latest test. Chlorination of 
the injection flow was initially begun 
and maintained at about 20 ppm. 
This rate was lowered by steps to 15, 
12, 5, 3 and 1.5 ppm. Results indi- 
cated that a loss of acceptance rate 
began occurring at 1.5 and 3 ppm, and 
there was considerable evidence that 
even 5 ppm was not sufficient to main- 
tain control of the slime-forming bac- 
teria. Chlorination has been main- 
tained at 8 ppm for several months, 
with the exception of short periods of 
heavy chlorination (15-20 ppm) to 
test the effectiveness of the treatment, 
Results indicate that 5-8 ppm are re- 
quired to maintain acceptance rate of 
recharge wells in sediments similar to 
those at Manhattan Beach. Although 
large doses of chlorine (15-20 ppm) 
maintained for several days have re- 
sulted in slight improvement of accept- 
ance rates in some wells, no definite 
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conclusions about the benefits of this 
procedure can be drawn. 

Some degree of increase in well ac- 
ceptance was noted following shut- 
down for well repairs, but this may 
have resulted from the release of pro- 
gressive air binding and a mild surg- 
ing which may have been caused by 
closure and subsequent reactivation of 
the recharge wells. 


Mound Characteristics 


In order to understand how a spe- 
cific recharge well is affected by its 
position in a line of recharge wells, it 


FRESH-WATER BARRIER 897 


strata, or both. Actually, no pressure 
aquifer is perfect, in that leakage to a 
greater or lesser degree occurs through 
the confining strata or ground water 
moves to adjacent or contiguous free 
zones. 

All the flow from a recharge well 
is radial, except when the recharge 
cone of a single well is superimposed 
upon an existing ground water slope. 
Under such conditions, the larger por- 
tion of the injected water flows along 
the gradient. Radial flow emanating 
from the well continues along stream- 
line trajectories until it is affected by 


TABLE 2 


Maximum Average Injection Rate and Accompanying Injection Head 


wet | Date | Wen | elevation | | fiom Heed 
| cfs ft | ft ft ft/cfs 
D 10/22/53 0.48 55 14 41 85 
E 8/20/53 1.06 67 50 
F 2/18/54 0.61 48 9 39 64 
G 10/22/53 1.03 69 12 57 55 
H 8/20/53 1.01 68 10 58 57 
I | §/14/S3 0.50 70 -2 72 144 
I-A 2/25/54 0.74 30 10 20 27 
: J 11/26/53 0.70 67 11 56 80 
> K 12/17/53 0.74 54 5 49 | 66 
| 
‘ 


is necessary to follow the physical 
transition which occurs between the 
beginning of injection and the creation 


the flow of adjacent wells at a point 
about midway between wells. 
As the area of pressure caused by 


r of a stable pressure mound. Such a_ recharge continues to expand toward 
f description showing the changing con- a condition of stability, the pressure at 
) ditions will be presented in this paper a given point is the resultant of the 

as if there were a time lag between effect of each well. The integrating 
. occurrences, although in a true pres- effect of merging recharge flows forms 
f sure aquifer there is none, because a continuous mound, a condition char- 
) pressure changes, theoretically, are acterized by the estabiishment of a 
1 transferred instantaneously. Practically two-dimensional flow (no lateral move- 
) all pressure aquifers, however, have a ment of recharge water) within a short 


storage factor, which has been vari- 
ously attributed to compressibility of 
the aquifer materials or the confining 


distance from the line of recharge. 
Observations of the actual buildup 
of the mound during the initial period 
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of recharge (Fig. 5) indicated a con- 
siderable lag in the development of a 
stable pressure gradient to the ocean 
side of the recharge line. About 2 
months of recharge operations were 
necessary before the ground water ele- 
vation on the ocean side rose above sea 
level, with about 6 months of recharge 
being required to develop a relatively 
stable gradient. This delay was the 


18,000 


LAVERTY & H. 


result of either a continued bypassing 
16,000 


14,000) ai + 


12,000} 4 


10,000 und 


4 
8,000 
6,000 | 


4,000 


Chlorides — ppm 


2,000 


0 
JFMAMJJASOND/JFMAMJ JASONDIJFMA 
1953 1954 1955 


Fig. 7. Chloride Concentration in 
Project Wells 


Distances measured inland from recharge 

line: G-2, 240 ft; G-4, 520 ft; K-4, 470 

ft; and C-4, 580 ft. Values below 250 

ppm were not plotted. See Fig. 8 for ad- 
ditional data. 


of flow through the internodal pres- 
sure vallleys (low points of the pres- 
sure ridges midway between points of 
fixed pressure, or nodes, at the re- 
charge well) prior to the development 
of the entire barrier to sea level or the 
storage effect within the 
aquifer or both of these causes. 


oceanward 
Well 
logs indicate that the confining clay 
membrane oceanward of the recharge 
line is not continuous and will permit 
ground 

Because the recharge rates and the 
interval of time between the initiation 


fater storage. 
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of recharge at the individual wells 
varied, it is not possible to evaluate 
accurately the time required to estab- 
lish a stable landward gradient. When 
recharge was commenced at a single 
well (G), however, pressure effects 
were directly noted 1,180 ft landward 
and, under a constant recharge rate, < 
condition of stability was attained in 
approximately 5 days. 

Inspection of the piezometric gradi- 
ent curve indicates that the individual 
cones around each recharge well 
merged into a relatively uniform bar- 
rier within 250-500 ft of the recharge 
line, both landward and oceanward. 
This occurrence is shown in Fig. 6 by 
the relatively uniform ground water 
gradient between Wells G-4 and MB-4 
and between Wells G-5 and G-13. 

After the oceanward pressure lag 
had been overcome, there was no diffi- 
culty in sustaining the desired mound 
elevations through maintenance of a 
constant recharge rate. It is not ap- 
parent, however, whether a complete 
barrier to sea water intrusion has been 
formed. The most critical location in 
checking intrusion is assumed to be 
the point midway (internodal point) 
between the recharge wells. Because 
the mound elevation is the least at the 
internodal point, enough fresh water 
head must be maintained there to over- 
come the higher density of sea water 
in order to prevent intrusion near the 
bottom of the aquifer. On the basis 
of an average elevation of the bottom 
of the aquifer of — 110 ft, it is neces- 
sary to maintain a fresh water head 
of approximately 2.7 ft above sea level 
at the internodal point. 


Effects of Injection 


Because injection commenced in an 
aquifer zone that had been degraded 
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by sea water intrusion to a chloride 
concentration approximately equal to 
that of sea water, at first there was 
apprehension that the operation might 
cause and push a saline wave of simi- 
lar concentration inland to fresh water- 
producing areas about 6,000 ft from 
the recharge line. Variations in chlo- 
ride salinity, constituting the basic 
indicator for tracing ground water 
movement landward and seaward, as 
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chloride concentration followed by a 
rapid freshening of the aquifer. The 
freshening 500 ft inland was preceded 
by a relatively lesser increase in chlo- 
ride concentration. At 1,000 ft inland, 
freshening occurred without a distin- 
guishable rise of salinity. The inter- 
face between waters of different salt 
concentrations within the merged aqui- 
fer was readily identified at a given 
well by means of conductivity tra- 
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Fig. 8. Chloride Concentration in Project Wells 
Distances measure inland from recharge line: C-8, 940 ft; K-8, 930 ft; G-8, 1,160 ft; 


K-16, 3,000 ft; and MB-8&, 2,850 ft. 


well as along the line of injection wells, 
were detected by chemical determina- 
tions made of ground water samples 
collected by pumping, use of a “thief 
sampler,” and conductivity traverses 
made in observation wells. 
Salinity—time histories of the wells 
showed the progressive effect of re- 
charging, as indicated in Fig. 7 and 8. 
The arrival of fresh water was noted 
250 ft inland by a swift increase in 


Fig. 7 presents data from other wells. 


verses, when the interface fell within 
the limits of well perforations. The 
traverses indicated that fresh water 
seemed to arrive an overriding 
wedge, which slowly displaced the 
dense, saline water. A study of re- 
peated traverses taken at more than 


as 


50 observation wells led to these 
conclusions : 
1. Historically, a zone of mixed 


waters had developed as a result of 
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alternate periods of landward flow of 
sea water and oceanward flow of fresh 
water, occurrences which, in previous 
years, probably took place seasonally 
and resulted in increased diffusion or 
mixing of the two bodies of water. 

2. The gradients that existed prior 
to and during recharge permitted un- 
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Pig. 9. Conductivity Traverse at 
Well G-4 


A—Aug. 5, 1953; B—Nov. 4, 1953; C— 
Jun. 22, 1954. The overriding effect of 
the fresh water wedge may be noted by 
the progressive freshening of the upper 
part of the lower perforations of the well. 
The conductivity is measured at 25°C. 


diluted sea water to intrude as a wedge 
beneath the mixed waters. 

3. During injection, the imported, 
lighter fresh water moved inland as a 
wedge overriding the underlying in- 
truded saline or native mixed ground 
water bodies. 

The creation of the overriding fresh 
water wedge within the merged aqui- 
fer may be noted on Fig. 9 by the pro- 
gressive freshening of the upper part 
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of the lower perforations of Well G-4, 
located 500 ft landward of Well G. 
The location of the interfaces between 
native waters, intruding sea water, and 
injected fresh water is shown, some- 
what ideally, in Fig. 10. 

The recharge test has established 
the feasibility of reclaiming an aquifer 
which sea water has already polluted. 
Comparative isochlors prior to and fol- 
lowing recharge are given in Fig. 11, 
which shows that the basin area is 
being reclaimed and that the inland 
rate of advance of the saline front is 
relatively minor. 


Transmissibility 


Transmissibility and gradient are 
the prime factors in determining for a 
given area the total amount of injec- 
tion required to create an effective 
fresh water barrier to sea water intru- 
sion, whereas well spacing must be 
determined on the basis of the accept- 
ance rate of the well in relation to the 
required total amount of injection. 
Established methods are available to 
determine the value of transmissibility 
in the field through data collected 
from pumping wells and nearby obser- 
vation wells. 

If very little change occurs in the 
values of drawdown over a period of 
time, with a constant rate of discharge 
in both pumping and 
wells, conditions are said to be at equi- 
librium. Nonequilibrium 
exist where drawdown is measurably 
increasing in relation to time. The 
characteristics of the aquifer at the test 
site, the rate of pumping, and the lim- 
ited time of pumping at the test wells 
precluded the use of equilibrium for- 


observation 


conditions 


mulas for the pumping-test data. 
Nonequilibrium equations, however, 


were quite suitable. 
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The use of transmissibility values 
determined in field tests as averages 
representing the entire aquifer is lim- 
ited in accuracy by the effects of the 
natural variations which exist in the 
aquifer materials. Localized areas of 
high or low transmissibility in the vi- 
cinity of the pumping well and, to 
some extent, near the observation 
wells can greatly influence the data. 
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during recharge varied from 0.17 to 
0.18 cfs per foot. 


Spacing of Recharge Wells 


After establishment of the recharge 
mound, there are two very important 
considerations (assuming a uniform, 
homogeneous, completely confined aqui- 
fer) involved in a line of recharge 
wells which are creating a complete, 


therefore, should be an average of sev- 
eral such values taken from the pump- 
ing and observation wells. 

The transmissibility ascertained from 
the pumping tests gave good correla- 
tion with the values computed from 
recharge gradients. Average transmis- 
sibility during pumping ranged from 
0.12 to 0.19 cfs per foot of width of 
aquifer, whereas subsequent determi- 
nations based on measured gradients 


The transmissibility value chosen, stable barrier to sea water intrusion: 
200 T T T | TH-3 | 
Ground Surface MB-8 
TH-1 
100 — 
Piezometric Surface 
G-13 
Ss 0 
o 
> A 
= toy “a r 
Injected Fresh Water ‘ 
100 ~~ = > Native Relatively J 
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 
Distance From Ocean —ft 
Fig. 10. Injected Fresh-Water Wedge Normal to Recharge Line 
A—upper boundary of aquifer; B—approximate lower boundary of aquifer. This 


idealized section shows the interfaces between native waters, intruding sea water, 
and injected fresh water 2 years after recharge was begun. 
of saline intrusion before recharge 


See Fig. 2 for the extent 


1. The rate of fresh-water recharge 
in a given section parallel to the coast- 
line must be sufficient to replace the 
previous intruding flow of sea water. 

2. There must be some movement 
of fresh water toward the ocean to 
stabilize an intruding sea water wedge 
oceanward of the recharge line. 

A seaward flow occurs because a 
fresh-water head above sea level is re- 
quired at the recharge line to balance 


_ 
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the pressure of the denser sea water in 
the lowermost part of the aquifer. 
With elevations above sea level at the 
recharge line, there will be an ocean- 
ward gradient, resulting in a fresh- 
water flow toward the ocean. The test 
has established, however, that the sea- 
ward flow of fresh water is of no prac- 
tical or economic significance because 
it is minor and relatively slow under 
the test site gradients. 

The discharge rate of the intruding 
sea water, which must be replaced, 
plus the quantity of waste to the ocean 
necessary the water 
wedge theoretically equals the required 
stabilized recharge rate. Because no 
storage is available in a completely 
confined aquifer, the rate of ground 
water flow is contingent upon the in- 
land rate of pumping which did not 
change appreciably during the period 
of the test. Inasmuch as the ground 
rater gradient depends upon the rate 
of flow, the gradient landward of the 
recharge wells should be approxi- 
mately thé same both before and dur- 
ing recharge operations. At the test 
site, however, this gradient was in- 
creased about 58 per cent by recharge, 
indicating that the required recharge 
rate was greater than the prior rate of 
sea water intrusion. 


to stabilize sea 


One or more of 
the following factors is responsible for 
the change of gradient and the corre- 
sponding indicated increase of flow 
landward ; 

1. Significant storage exists within 
the local aquifer or in some portion of 
the aquifer contiguous to that being 
recharged, or in both. 

2. A significant quantity of leakage 
is occurring upward through the con- 
fining layers inland from the recharge 
line, 


& H. 
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3. Lateral flow of the injected water 
is so great that a partial barrier ex- 
tends over an area much larger than is 
indicated, as yet, by the arrival of in- 
jected fresh water. It is conceivable 
that a complete barrier can be formed 
within the reach of recharge wells and 
that a partial barrier can be formed off 
the ends of the recharge line, the de- 
gree of effectiveness decreasing with 
the lateral distance from the outermost 
recharge wells. 

Having determined the water re- 
quirement for a given reach of coast 
line and estimated the acceptance rate 
of the recharge wells, the spacing of 
such wells can be ascertained merely 
by dividing the total required flow by 
the estimated acceptance rate. Practi- 
cally, the above criteria might be ap- 
plied to the design of a recharge line 
as described below. Assuming a pres- 
sure area subject to sea water intru- 
sion, in which the geology has been 
investigated and the hydrology estab- 
lished, and having found a suitable lo- 
cation for a line of recharge wells, the 
procedure would be as follows : 

1. Based on the available geologic 
information, divide the coastline to be 
protected into reaches of 
uniform transmissibility. 

2. Drill a test hole near the center 
of each reach throughout the entire 
depth of aquifer materials to define the 
geology more definitely and to estab- 
lish the depth of recharge well re- 
quired. This test hole could be used 
later as an observation well. 

3. Based on the established  stra- 
tigraphy, the apparent permissible in- 
jection head, and the estimated trans- 
missibility of the aquifer, a recharge 
well would be designed and 
structed at or near this location. 

4. A pumping test would be per- 
formed utilizing the recharge well and 


estimated 


con- 
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available observation wells to establish This 
more accurately the aquifer’s trans- would be followed by the drilling of 
missibility. Such a test should be the adjacent recharge wells at each 
made with moderate rates of pumping side, and the above check of geology 
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a further check on the geology. 


to prevent overdevelopment of the well. 


and transmissibility would be dupli- 
2 2 12, 1953 
June 24, 1954 
0 1,000 2,000 
% Scale in feet 
: MWD. Feeder 
. 
Beach \ $ a 
NA} 
A A 
A 
° 
Lane 
% 
Fig. 11. Isochlors Before and During Recharge 


The isochlor values are in parts per million. (M.W.D, denotes “Metropolitan Water 
District.”) The inland advance of the saline front is relatively minor. 

5. With the spacing thus deter- 
mined, the adjacent internodal obser- 


cated. 
vation wells could be drilled, providing 


Such a procedure could then be 


continued until all recharge wells were 
completed. 
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Water Quality 
In the stretch of coastline from 


Playa del Rey to Palos Verdes Hills, 
as of 1903-04, natural fresh ground 
water of the Merged Silverado Zone 
was escaping to the ocean. With the 
extensive drawdown of water levels to 
and below sea level, particularly dur- 
ing 1931-46 sea water began to invade 
this entire reach. The intrusion was 
most critical in the vicinity of Man- 
hattan Beach. 

During the period of reversal of 
flow from fresh ground water seaward 
to sea water landward, an occurrence 
probably taking place seasonally for 
several years, waters near the coast 
were affected by increase in chloride 
concentration. Changes in the quality 
of ground waters also resulted from 
cation exchange. Prior to recharging, 
the chloride concentration and_ the 
quality of native ground water in the 
vicinity of the test site had already 
been altered as the result of the mix- 
ture of native ground waters and sea 
water and their effect on the soil. The 
chloride concentration of native ground 
water, determined from analyses when 
the project wells were drilled, ranged 
from essentially sea water near the 
ocean to slightly polluted water near 
Sepulveda Blvd. 

Subsequent changes in concentration 
and quality of ground water brought 
about by recharging with fresh water 
were illustrated by samples taken at 
Well G-2, which had a mixture of 85 
per cent sea water and 15 per cent 
original native water, prior to the in- 
jection of fresh water. By Jun. 4, 
1954, the chloride concentration in 
this well had dropped to that of the 
recharge water, showing that the sea 
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water had been completely displaced. 
In moving from the injection well, G, 
to Well G-2, the injected fresh water 
also underwent cation exchange, a fact 
that is evident from a comparison of 
the recharge water and the ground 
water from Well G-2. A typical analy- 
sis of recharge water has shown a so- 
dium content of 190 ppm and a cal- 
cium and magnesium content of 46 
ppm. On Jun. 4, 1954, water from 
Well G-2 had a sodium content of 242 
ppm and a calcium and magnesium 
content of 8.3 ppm. This increase of 
approximately 27 per cent in sodium 
indicates an appreciable softening of 
the ground water and the influence of 
cation exchange. Such change is typi- 
cal of what is occurring along other 
portions of the recharge line as in- 
jected fresh water moves inland and 
seaward. 

It is reasonable to assume that the 
injection of fresh water will ultimately 
increase the aquifer’s transmissibility 
slightly through cation exchange. Al- 
though an indication of this effect has 
not occurred during the limited test 
period, a slight increase in recharge 
rate may eventually be required. 
Table 3 presents a comparison in qual- 
ity of Colorado River water imported 
for injection, sea water, and local, na- 
tive ground water. 


Maintenance and Operation 


Following the failure of the clay cap 
and the subsidence at Well G, exten- 
sive rehabilitation work, including at- 
tempts at grouting the clay cap and 
gravel-packing the well, were under- 
taken. Test holes drilled in the vicin- 
ity of the well to explore underground 
conditions indicated that the clay cap 
had failed on at least one side of the 
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well and was no longer in place. Con- 
ductor pipes were drilled in an attempt 
to gravel-pack the area, while bailing 
and surging the well, with little or no 
success. Extensive grouting proce- 
dures were undertaken through newly 
drilled 2-in. wells and by partially 
filling the recharge well casing with 
sand and grouting through holes cut 
near the clay cap. The well was finally 
gravel packed through the area of sub- 
sidence by surging and bailing mate- 
rials from the well as they entered 
through well perforations and adding 
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1. It is apparent that a well drilled 
in coastal deposits consisting of fine to 
coarse sands with limited stringers of 
gravel should be gravel packed in 
order to replace with gravel the mate- 
rials removed from the aquifer during 
development procedures, as well as to 
prevent the formation of excessive 
voids and subsequent serious well sub- 
sidence problems. Further, it is obvi- 
ous that in a pressure aquifer, where 
the confining clay layer is perforated 
by the well casing an area of weak- 
ness may develop and result in ex- 


TABLE 3 


Quality of Various Waters 


Constituent Recharge Water | 


ppm 

Calcium 35 
Magnesium 11 
Sodium-potassium 190 
Carbonate 28 
Bicarbonate 106 
Sulfate 263 
Chloride 98 

Total hardness 139 


* Softened Colorado River water 


gravel to the subsidence area until the 
well was considered stabilized. Dur- 
ing the final stages of the process, dis- 
integrated granite (clay) was added 
to fill the upper hundred feet of the 
subsidence area and replace the mate- 
rials at the clay cap. These efforts 
proved successful, in that the well has 
operated with no difficulties from June 
1953 until the present. The clay cap 
failure and the experience gained dur- 
ing the rehabilitation work established 
these considerations for design, devel- 
opment, rehabilitation, operation, and 
redevelopment of recharge wells: 


Water at Native Fresh 


Sea Water 


oe Well G-2 | Water 
400 5 58 
1,400 4 17 
10,600 242 74 
16 0 
120 130 | 284 
2,650 276 37 
18,760 94 75 
6,750 27 215 
cessive leakage. Hence, a properly 


constructed cement seal will always be 
desirable in such ga zone. 

2. In the grouting operations previ- 
ously mentioned, the major grout 
movement appeared to be lateral and 
upward, whereas there was very little 
tendency for the grout to move down- 
ward. This fact was substantiated by 
the absence of any evidence of grout 
within the perforations below the 
grouting zones and, particularly, by 
the holes drilled during rehabilitation 
at well G which passed through 
grouted areas. 
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3. Because it is obvious that re- 
charge operations will place the clay 
cap under additional pressure, par- 
ticularly at the zone of weakness along 
the well casing, care should be taken 
during operations to avoid rapid pres- 
sure changes resulting from sudden 


fluctuations in injection rate. Re- 
charge should be commenced and 
stopped slowly by means of small 


steps, allowing sufficient time for pres- 
sures to stabilize between such 
changes. In addition, it is recom- 
mended that the water supply to the 
well distribution line be controlled 
with a pressure regulator and that 
changes at individual wells be made 
with manually controlled valves. 

4. In relation to redevelopment of 
recharge wells, as distinguished from 
rehabilitation required by the clay cap 
failure, Well K was successfully re- 
developed by moderate surging and 
bailing. Because of aquifer conditions 
encountered at the test site, pumping 
was not used as a redevelopment pro- 
cedure because it would have removed 
excess quantities of sand, a condition 
probably conducive to additional fail- 
ure of the clay cap. Ina gravel-packed 
well, however, pumping could prob- 
ably be used safely as long as more 
gravel was added to the gravel en- 
velope to replace the removed aquifer 
sediments. 


Costs of Project 

Test costs were carefully analyzed 
from the viewpoint of establishing a 
routine barrier project. These costs 
may be used for estimating expenses 
only in an area with similar geologic 
formations, aquifer depth, transmissi- 
bility characteristics, and pumping 
draft conditions. A variation in one 
of these factors might greatly change 
the actual costs. An analysis indicated 
that for conditions at Manhattan Beach 
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the total capital outlay and annual 
operation and maintenance costs per 
mile of recharge line would probably 
be about $186,000 and $32,000, re- 
spectively, exclusive of the cost of a 
recharge water supply. 

Considering the cost of a recharge 
project solely for replenishment to the 
basin as a source of supply to a West 
Basin distributing agency, the costs 
would be as shown in the following 
table : 

Water supply (3650 acre-ft 

at $20 per acre-foot).. $ 73,000 per mile 
Annual cost of retirement 

(capital outlay) ....... 
Annual cost of mainte- 

nance and operation.... 


14,900 per mile 
32,000 per mile 


Total annual costs per 


$32.80 
4.50 
Cost per acre-foot (delivered to dis- 


The above computations, however, ig- 
nore the value of the protection and 
assurance of the continued safe yield 
of the basin, estimated at 30,000 acre-ft 
per year. When the values of the safe 
yield is considered, together with the 
import required to meet the entire esti- 
mated demand of the basin, the cost is 
modified as follows: 


Annual cost of protection for 11 


miles of coastline ($119,900 
Annual cost of additional water 
import (49,850 acre-ft at $20.00 
Pumping cost (70,150 acre-ft at 
$4.50 per acre-foot) .......... 316,195 
Total required supply—acre-ft 
Injected supply ....... 40,150 
30,000 
Required import ...... 49,850 
Total supply ..... 120,000 
Delivered cost per acre-foot ... $ 21.90 
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This latter cost analysis still ignores 
the value of usable underground stor- 
age for fresh water. If it is assumed 
that the West Coast Basin area were 
to be supplied entirely by imported 
water at $20.00 per acre-foot and that 
a storage of 10,000 acre-ft were re- 
quired to balance peak demand and 
emergency storage against supply, 
then at a minimum figure of $4,000 
per acre-foot for surface storage, the 
required investment would be $40,- 
000,000. Such a sum would indicate 
an annual amortization charge of ap- 
proximately $13.00 per acre-foot based 
on 120,000 acre-ft of annual 
Thus, the total cost of delivering im- 
ported water would be about $33.00 
per acre-foot, without considering sup- 
ply lines to isolated water systems, as 
compared to the $21.90 per acre-foot. 


use. 


Hence, the application of the actual 
costs of a proposed sea water barrier 
and the economic justification of such 
expenditures must be considered in 
relation to the value of assuring the 
protection of the safe yield of the 
basin, the cost of a supplemental water 
supply, the cost of distribution facili- 
ties for such a supply, and the value 
of the ground water basin for storage 
purposes in relation to providing ade- 
quate surface storage as well as the 
intangible value of a safe ground water 
supply in the event of a local disaster, 
such as an earthquake or war. Such 
considerations might easily justify the 
costs of a barrier project as indicated 
above. 

To improve further the economic 
aspects of this problem, the Los An- 
geles Flood Control Dist. is presently 
engaged both in performing sewage 
reclamation tests on a source of supply 
now wasting approximately 300 cfs to 
the ocean and in evaluating the cost of 
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piping untreated Colorado River water 
(base cost, $10 per acre-ft) to the dis- 
tribution line of the sea water intru- 
sion barrier. 


Conclusions 


The investigation of the prevention 
and control of sea water intrusion has 
established that, for an area with com- 
parable geologic and hydrologic condi- 
tion to the West Coast Basin: 


1. Prevention and control can be 
successfully realized in a_ confined 
coastal aquifer by recharge through 
wells 


2. Recharge can pressurize a con- 
fined aquifer continually 
given reach, thereby reversing a pre- 


through a 


existing landward gradient and pre- 
venting further sea water intrusion 

3. Recharge will provide significant 
replenishment to the inland ground 
water basin with only a relatively small 
oceanward loss of fresh water. 

4. Recharge can be performed in an 
aquifer previously degraded by sea 
water intrusion and—within the physi- 
cal limitations as established at the test 
site—will not have any consequential 
deleterious effect on inland pumped 
supplies. In fact, all evidence collected 
to date that 
portion of the aquifer can be reclaimed 


indicates the degraded 
by recharge through wells. 

The Flood Control 
Dist. has submitted a detailed report 
on this test to the State Water Re- 
After review by the 


Angeles 


Los 


sources Board. 
state engineer, the report is expected 
to be published as a state bulletin. 
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Progress in Ground Water Replenishment 
in Southern California 


James H. Krieger 


A paper presented on Apr. 15, 1955, at the California Section Regional 
Meeting, Riverside, Calif., by James H. Krieger, Attorney, Best, Best 


& Krieger, Riverside, Calif. 


HE South Coastal Area of South- 

ern California poses a unique 
water problem. This region, depend- 
ing largely on ground water for sup- 
ply, is overdrawing its aquifers at a 
rate of approximately 400,000 acre-ft 
per year (1). Although supplemental 
water is available from the Owens and 
Colorado rivers, they have not been 
tapped to their fullest extent, a fact 
which allows the underground basins 
to continue declining. One reason for 
the underdevelopment of the river 
sources is a 1949 decision in the Ray- 
mond Basin case by the California Su- 
preme Court (2), a judgment which 
was discussed in a JOURNAL article in 
1952 (3). 

Of the potential demand of 5,552,- 
000 acre-ft of water per year in the 
South Coastal Area, only 2,651,000 
acre-ft can be supplied locally (7). 
The balance must come from supple- 
mental sources yet to be developed. 
Because of this need, the impact of the 
Raymond Basin decision cannot be 
overestimated; yet the scope of the 
problem has been realized, and steps 
have been taken to solve it, only in 
the last year or two. 


Legal Aspects 
The Raymond Basin case decision 
held that all persons extracting ground 


water from an overdrawn basin are 
establishing their rights one against 
the other under the principles of ad- 
verse possession. This means that 
water rights no longer exist in the 
conventional sense. An owner of a 
parcel of land above an overdrawn 
basin loses any right he may have had 
in the ground water supply beneath 
him unless he has pumped water for 
five successive years prior to the com- 
mencement of any suit adjudicating 
the water rights in that basin. The 
paper right (the water right created by 
deed) means nothing, nor does the 
beneficial use of a certain pumpage 
necessarily create a right to that 
amount. The taker may be entitled to 
only a part of his use. 

The California Supreme Court has 
taken as its basic philosophy the policy 
of the state, as described in the state 
constitution (4), to the effect that the 
general welfare requires putting the 
water resources of the state to their 
maximum beneficial use. From this 
premise, the court reasons that no 
person should be permitted to sleep on 
his rights and that the best interests 
of the people will be served by measur- 
ing a person’s right by the amount of 
water he pumps and puts to beneficial 
use. This is an awkward doctrine in 
many respects. For example, no one 
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knows the exact moment a basin be- 
comes overdrawn. Indeed, he may not 
find out until years later. Neverthe- 
less, his rights depend on the later de- 
termination of the theoretical moment 
when the basin becomes overdrawn. 

All these difficulties might be over- 
looked if the rights in a basin could be 
adjudicated swiftly and economically. 
Unfortunately, the two basin adjudica- 
tions in California have been expen- 
sive, and both of them have lasted so 
long that the actual rights of the par- 
ties have changed from the commence- 
ment of the suit to the time of its final 
determination, 


Necessity of Pumping 


Water users in the South Coastal 
Area have usually been advised by 
their attorneys to continue pumping 
water no matter what the cost, because 
discontinuance might risk the aban- 
donment of a water right. Most per- 
have chosen to protect their 
ground water rights rather than take 
supplemental surface water from the 
Metropolitan Water Dist. of Southern 
California. This wasteful practice per- 
sists, notwithstanding a 1951 law, not 
yet tested in the courts, which pro- 
vides that no person will lose his right 
to ground water as long as he puts 
water from nontributary sources to 
beneficial use (5). Precautionary 
consumption may be one reason why 
only 246,000 acre-ft of the available 
quota of 1,212,000 acre-ft from the 
Colorado River were delivered by the 
Metropolitan Water Dist. in the year 
ending Jun. 30, 1954 (6). The use 
of ground water, coupled with nine 
consecutive years of below-average 
rainfall and a rapidly increasing popu- 
lation, has created a critical situation. 
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A means of encouraging the employ- 
ment of water from _ nontributary 
sources must be found so that the 
water users of the area may preserve 
their ground water while using a part 
of it. The problem is not only to cur- 
tail needless overdraft of ground water 
supplies, but also to wipe out the accu- 
mulated deficit and to make use of the 
estimated 1,000,000 acre-ft of available 
underground storage capacity. 


Attempt at Solution 


The attempted solution has been as 
unique as the problem itself. Late in 
1954 the Water Conservation Assn. 
of Southern California called a meet- 
ing of all parties interested in the prob- 
lem of replenishing ground water sup- 
plies. Many statewide organizations 
were represented in the gathering, at 
which particular emphasis was placed 
on the acute problem of Southern Cali- 
fornia. A committee of twelve se- 
lected to solve the problem was made 
up of engineers and attorneys, as well 
as representatives of irrigation dis- 
tricts, water districts, farm bureaus, 
cities, private utilities, and the state. 
This group contained a beneficial vari- 
ety of viewpoints and an interest in 
many different problems. Instead of 
recommending local solutions for par- 
ticular areas or groups, this committee 
presented ideas which were universal 
in scope. 

The committee drafted two bills: 
the Water Replenishment District Act 
(Assembly Bill 2,908) and an act to 
compel the recordation of water ex- 
tractions and diversions (Senate Bill 
1,557). Both bills, which were passed 
by the legislature, had the complete 
endorsement of the Water Conserva- 
tion Assn. of Southern California, as 
well as the support of many of the 
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most influential water organizations in 
the state. 


Replenishment Act 


The Water Replenishment District 
Act authorized the creation of water 
replenishment districts in the counties 
of Southern California. Such a dis- 
trict will have many of the powers of 
most public corporations, but its prin- 
cipal function will be to replenish the 
ground water supplies of the area 
within the boundaries of the district. 
The test of what land is to be included 
within a district is whether or not the 
people or property within the proposed 
area will benefit directly or indirectly 
from replenishment, as determined by 
the state engineer. 

A replenishment district may raise 
funds by selling water, placing an ad 
valorem tax on real property and im- 
provements, or imposing a special as- 
sessment on those who extract ground 
water. Replenishment water may be 
purchased from a nontributary dis- 
tributor, such as the Metropolitan 
Water Dist., and be spread into the 
underground basin or sold to persons 
agreeing to discontinue pumping in ex- 
change for such water. 

By incorporating in one bill the two 
principal methods of raising funds for 
replenishment—ad valorem taxes and 
pumping assessments—a genuine com- 
promise of viewpoints was reached. 
There are areas in Southern California 
that believe a property tax is the best 
way to share the cost. Others insist 
that the whole burden should be borne 
by the pumpers. In the proposed leg- 
islation, a replenishment district may 
use either or both of these methods 
and may change them to meet varying 
new situations. 

Another genuine compromise was 
reached in determining who would pay 
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a pumping tax if that method is decided 
upon. Certain groups feel that the 
charge should be based on the number 
of acre-feet each person pumps, re- 
gardless of any water rights he may 
claim to have. On the other hand, 
people from rural areas where the 
water rights are long established be- 
lieve, with equal sincerity, that pump- 
ers should be excused from paying a 
tax on the amount of water that is 
theirs by court decree. Consequently, 
the bill provides that if there is an 
adjudication of water rights within a 
replenishment district, the board of 
directors of that district must exempt 
from a pumping charge the propor- 
tional amount of a pumper’s previously 
adjudicated right in and to the safe 
yield of the basin. For example, sup- 
pose a farmer has continuously pumped 
and put to beneficial use 100 acre-ft 
per year for the past 10 years. Fur- 
ther assume that the basin has been 
overdrawn for at least 5 years. After 
the replenishment district is formed, a 
pumping tax is levied on all of the 
pumpers, including the farmer, who 
first pays an assessment based on his 
fractional share of the entire water 
pumped in the district. If the rights 
of the water users in that district are 
adjudicated, however, and the 
yield of the basin is found to be 25 
per cent less than the amount being 
pumped, the farmer is exempt from 
charges on 75 per cent of the ground 
water he removes from the aquifer, 
while he continues to pay a tax on the 
25 acre-ft in excess of his adjudicated 
share of the safe yield of the basin. As 
the court modifies its decree from time 
to time, a person’s adjudicated right 
might also change, along with the 
amount of water exempt from taxation. 

Another unusual feature of the bill 
arose from the fact that some existing 
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public agencies possessed the facilities 
to replenish ground water basins, but 
had no means of raising funds to pur- 
chase the necessary water. These 
agencies felt that they should be per- 
mitted to do the job and that no new 
public corporation should usurp their 
functions. The bill therefore provides 
that a replenishment district must ex- 
plore and determine whether or not 
there is an agency that can aid in re- 
plenishment. If so, and a suitable con- 
tract can be arranged, the district must 
enter into the agreement. Such a pro- 
cedure, avoiding duplication of effort 
and facilities, is an obvious saving to 
the taxpayer. 


Recordation of Extractions 


Highly important to the solution of 
water problems in Southern California 
are means of expediting ground water 
adjudications. It is so expensive and 
time consuming to institute and prose- 
cute a basin adjudication, because of 
the difficulty of compiling ground water 
data, that few areas have ever under- 
taken it, and those that did were left 
unsatisfied. In adjudication suits 
where the state engineer was required 
to undertake an investigation (7), it 
took many years to gather the infor- 
mation needed by the court to make 
a sensible determination. One reason 
for this difficulty was the refusal of 
some persons to divulge the amount 
of their ground water extractions. 

The recordation bill requires any 
person who extracts more than 25 
acre-ft of water a year to file a sworn 
statement with the California Div. of 
Water Resources giving his total 
pumpage. If he also diverts more than 
3 miner’s inches (1 miner’s inch equals 
1.5 cfm) of surface water, he must 
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report the maximum and minimum 
flows in each period of diversion. For 
the first year he must report the quan- 
tity of water taken by him, or his 
“predecessor in interest,” for each of 
the preceding 10 years. Thereafter, 
he must report the amount drawn an- 
nually. If he fails to make these 
yearly statements, he cannot perfect a 
prescriptive right to ground water. 
Just as a squatter must now pay taxes 
in order to perfect a squatter’s right 
on another’s land, a pumper who as- 
serts a prescriptive right to water must 
record his use. If he does not list the 
amount for a period of 5 years, he will 
lose whatever right he may otherwise 
have had in the ground water basin. 
Under the rule of the Raymond Basin 
case, it is apparent that most Southern 
California rights in ground water are 
prescriptive, because the ground water 
basins are being overdrawn. There- 
fore, a person is compelled to pump 
and record, or run the risk of losing 
whatever right he may have. 

An interesting feature of the re- 
cordation bill is the right of a person 
to challenge the statement filed with 
the state engineer under existing ad- 
judication procedure. The cost of the 
state engineer’s investigation of the 
facts set forth in the statement must be 
paid by the individual questioning its 
accuracy. If the state engineer makes 
a determination which differs from the 
data contained in the original notice, 
he must inform the person filing the 
statement and the person requesting a 
determination of its authenticity. 
Both parties are then invited to sub- 
mit further information before the 
state engineer makes his final deci- 
sion. A filed statement is admissible 


in any court proceeding as prima facie 
but rebuttable evidence. 
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Conclusion 


The South Coastal Area’s water 
problem owes much of its acuteness to 
the Raymond Basin decision, which 
places a premium on continuing ex- 
tractions of ground water. Practically 
all efforts to encourage the voluntary 
use of nontributary waters has failed. 
Only in those areas (such as Orange 
County) where replenishment was 
more important than adjudication have 
supplemental supplies of water been 
used. The rest of the South Coastal 
Area must find a solution to its ground 
water difficulties. 

The Metropolitan Water Dist.’s al- 
location of Colorado River water must 
be put to use. Demand must come 
either from new users or from public 
agencies equipped to purchase the 
water and recharge it to the aquifer. 
The underground storage capacity of 
Southern California is a valuable re- 


source and should be put to maximum 
The population growth of the 


use. 
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region and the current dry spell both 
accentuate the critical situation. 

A committee has sought a solution 
to the problems by drafting the neces- 
sary broad and accommodating legisla- 
tion, under which the trend of dimin- 
ishing ground water may be halted, and 
the original safe yield of the aquifer 
may be ultimately restored. 
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Recharge Operations at Kalamazoo 


W. H. Sisson 


A paper presented on Jun. 14, 1955, at the Annual Conference, Chi- 
cago, Ill., by W. H. Sisson, Constr. Engr., Upjohn Co., Kalamazoo, 


Mich. 


HE Upjohn Co., one of the largest 
manufacturers of pharmaceuticals 
in the world, in 1951 completed, 5 
miles south of Kalamazoo, Mich., a new 


manufacturing plant with a total floor 


area of 2,600,000 sqft. Inasmuch as 
large volumes of water of good quality 
are necessary in the production of 
pharmaceuticals, efficient use of water 
was given major consideration in the 
design of the plant. 

From 5,000,000 to 9,000,000 gpd of 
well water is used. Most of this vol- 
ume is reused, some as much as five 
times over. For example, in the main 
manufacturing building, the water from 
air conditioning units is collected in 
reservoirs and reused several times in 
production vessel coolers, refrigeration 
condensers, roof sprays, steam turbine 
condensers, and irrigation of 22 acres 
of ground. 

Since 1952 further efforts have been 
made to conserve local ground water 
by recharging clean, warm waste water 
into the ground. Use of recharge 
wells was considered, but because a 
great deal of land area was available 
at the plant site, it was decided to uti- 
lize a natural pond for one of the two 
waste water sewer outlets and to in- 
vestigate the feasibility of building an 
artificial pond for the other outlet. 


Artificial Pond 
The site for the artificial pond was 
a low area that could be filled by grav- 


914 


ity from the combination storm and 
waste—cooling water sewer that dis- 
charged into a creek 1 mile from the 
plant. Before any large-scale recharge 
operation was attempted, it was impor- 
tant to know the rate of percolation 
and to determine whether the recharge 
water would flow toward the 100-ft 
deep pumping wells located 2,200 ft 
to the east and whether the recharge 
water would raise the temperature of 
the well water, which was at 52°F. 
After auger samples of the glacial drift 
were taken at the site and found satis- 
factory, a hole 100 x 100 ft was dug 
in the low ground and diked. The 2 
ft of black top dirt and the 2 ft of im- 
permeable clay covering one-third of 
the area were removed, leaving a 
clean sand bottom approximately 5 ft 
above the static water level. An 8-in. 
line was connected to the 72-in. com- 
bination sewer and fitted with a flow- 
meter and valves. The pond, which 
was 10,000 sq ft in area, was filled by 
Jan. 1, 1953, with water 3 ft deep. 
Figure 1 shows the relative location 
of the pond and the fourteen screened 
2-in. observation wells that were 
drilled at various distances from the 
pond. The four deep wells went 77 
ft below the pond bottom into the 
artesian aquifer, whereas the shallow 
wells went 7 ft below the pond bottom 
into the water table aquifer. Daily 
readings of static water level and tem- 
perature were taken from the wells. 
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Other data recorded daily were sewer 
water temperature, pond water tem- 
perature, and the flow required to 
maintain the 3-ft head of water in the 


pond. 
Percolation Rate 


The average percolation rate for the 
11 months of experience in 1953 was 
124,000 gpd, or 86 gpm (see Fig. 2). 
During the spring rains the pond bot- 
tom had gathered some silt, and weed 
growth became quite heavy. After the 
pond dried up in July, the bottom was 
cleaned with a bulldozer, a step which 
apparently improved the percolation 
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Fig. 1. Area of Artificial Recharge Pond 


Fourteen 2-in. observation wells were 
drilled around the 100 « 100 ft pond. 


rate by approximately 25 per cent. 
Bacterial growth caused no difficulty 
because the well water was initially 
treated to obtain 0.35 ppm_ residual 
chlorine and the storm sewer has a 
0.15-ppm residual. During February, 
March, and April 1954, trouble was 
encountered with and other 
debris in the flowmeter, a fact which 
probably lowered the recorded rate of 
flow in Fig. 2. Correction for this 
assumed error indicates an average 
percolation rate of 106,500 gpd, or 74 
gpm, for the first 9 months of 1954. 
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Recharge Water 


Figure 3 shows the rise and fall of 
the temperature of the underground 
water in the seven observation wells 
east of the pond in relation to the tem- 
perature of the water in the pond, 
whose temperature curve shows the 
effect of the outdoor temperature on 
the water awaiting recharge into the 
ground. The average temperature of 
the sewer water discharged to the 
pond during the winter and summer 
was 70°F and 75°F, respectively, 
with a maximum temperature of 82°F 
and a minimum of 61°F. The tem- 
perature of the pond water was below 


140 


120 


++ 


+ -+ 


+ 
+ 
+--+ 
++ 


+ 

| 

-4 

[TI ry 

JASONDIJFMAMIS JAS 
1953 1954 


Fig. 2. Percolation Rate of 
Artificial Pond 
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Because the pond bottom had gathered 

silt and weed growth had become heavy, 

the pond was allowed to dry up in July 
to permit cleaning with a bulldozer. 


that of the influent sewer water, ex- 
cept during June and July, when it 
was approximately 3°F warmer. By 
averaging the time interval between 
crests of the curves in relation to the 
pond water temperature curve and 
noting the distances between the pond 
and the observation wells, it was found 
that the average velocity of the under- 
ground water was approximately 1} 
ft per day. By similar observations 
and calculations it was found that the 
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water is cooled at the rate of ap- 
proximately 5.25°F per 100 ft, or 1°F 
for each 19 ft of travel through the 
ground. Thus, recharge water at 
80°F would be cooled to the normal 
52°F underground water temperature 
by traveling 570 ft from the pond to- 
ward the pumping wells. 

A typical day’s static water level 
readings in the deep observation wells 
are presented in Fig. 4. The inverted 
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readings often seemed inconsistent, 
probably because of the clay strata 
above and below the well screens, 
which influenced the percolation into 
the artesian strata, the curves as a 
whole did indicate the slope of the 
water table toward the company 
pumping wells to the east. The slope 
is about 0.093 per cent, a figure which 
closely agrees with observations made 
in the deep wells. 
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Pig. 3. Temperatures of Recharge and Pond Waters 


This chart shows the rise and fall of the 


temperature of the underground water in 


the seven observation wells east of the artificial pond, as well as the variation in tem- 
perature of the pond water. 


drawdown curve is found by connect- 
ing the recorded readings. The broken 
line joining the two legs of the curve 
at equal distances from the edges of 
the pond shows the underground hy- 
draulic gradient slope. The slopes av- 
erage out to 0.108 ft of descent in 100 
ft, or a slope of 0.1 per cent toward the 
Upjohn pumping wells. 

Figure 5 shows one day’s plot of 
the typical static water level readings 
in the shallow observation wells in the 
east-west direction. Although these 


Figure 6 presents a typical day’s 
static water level readings in the four 
shallow observation wells in the north— 
south direction from the pond. A hy- 
draulic gradient slope of 0.79 per cent 
to the north was drawn by connecting 
two points 200 ft from the outside edge 
of the 100-ft wide pond. This fall is 
undoubtedly caused by the draw of the 
city wells 2 miles north of the Upjohn 
Co. The northerly slope tends to con- 
firm the belief of federal and Michigan 
geologists that long before the Kala- 
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mazoo and Upjohn wells were drilled, 
the general slope of the water table 
was to the northwest. 


Water Treatment Plant 


The main wastes treatment plant 
consists of pumping units, sedimenta- 
tion tanks, and trickling filters for a 
two-stage biological treatment (Fig. 
7). The chlorinated effluent flows 
into the storm sewer about 1,000 ft 
below the tap for the recharge pond. 
The combined flows then discharge 
into a game creek 4 mile away. The 
Upjohn Co. is held to very stringent 
loading restrictions on the creek by 
the Michigan Water Resources Com- 
mission and The Michigan Conserva- 
tion Dept. The recharge pond pre- 
sents an opportunity to run a continu- 
ous check on the quality of the waste 
water before it combines with the 
treatment plant effluent. Several hun- 


dred game fish, such as bass and perch, 


were planted in the pond water. The 
fact that none died during a 20-month 
test period indicated that no toxic or 
high-BOD material had been inadver- 
tently discharged into the storm sewer. 

The experimental pond proved that 
use of an open body of water for re- 
charge was successful as far as tem- 
perature and direction of ground water 
flow were concerned. Percolation rate 
was fair and, therefore, pond recharge 
would be a good investment and a 
good public relations gesture. More 
auger soil tests were made in the earth 
adjacent to the pond to make certain 
that further expansion would not be 
too costly in removing top dirt or large 
volumes of clay. The borings indi- 
cated the presence of more clay and 
top dirt than in the experimental pond, 
but not enough to make the job pro- 
hibitive in cost. After the necessary 
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excavating was done and the clay re- 
moved, the area was diked, fenced, and 
graded to prevent silting of the pond 
bottom by rain water runoff from the 
adjacent hills. When this work had 
been completed, a combined pond of 
50,000 sq ft (1.145 acres) was ready 
for use (Fig. 8). A removable plank 
dam was built between the 10,000- 
sq ft and the 40,000-sq ft areas so that 
the sections could be cleaned sepa- 
rately and the fish, numbering several 
thousand, could be herded into the sec- 
tion not being cleaned. The new pond 
began receiving water on Sep. 28, 
1954. Because the maximum flow of 
the sewer connection was 485 gpm, it 
was not until Dec. 8, 1954, that the 
water reached the desired level. Addi- 
tional head affected the percolation 
rate. For example, on one day read- 
ings indicated a rate of 324 gpm when 
the head in the pond was 3} ft. When 
the head dropped to 3 ft, the percola- 
tion rate was 283 gpm, or 12 per cent 
less. The original pond (10,000 sq ft) 
cost $1,500, whereas the additional 
area (40,000 sq ft) cost approximately 
$4,000. 


Natural Pond 


A natural pond covering 90 acres, 
mentioned earlier, is also used as a 
recharge area, receiving water from 
another waste water sewer outlet (Fig. 
9). This pond, at the opposite side 
of the company property and about 4 
mile from the artificial pond, had no 
outlet and normally dried up during 
the summer months. When buildings 
were raised and small manufacturing 
operations were started near this area 
in 1949, waste cooling water and in- 
dustrial wastes were discharged into 
the pond. By 1953 the manufacturing 
operations had greatly expanded, plac- 
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Fig. 4. Static Water Levels in East-West Deep Observation Wells 


This chart is a record of static water levels, measured from the pond water level, in the 
four deep observation wells on Jun, 1, 1954. The hydraulic gradient slope is 0.1 
per cent toward the company pumping wells. 
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Fig. 5. Static Water Levels in East-West Shallow Observation Wells 


Static water levels, measured from the pond water level, in six shallow wells were 

recorded on Feb. 2, 1953. The hydraulic gradient slope is 0.093 per cent toward the 

company pumping wells, a figure which agrees with the observations made in the 
deep wells. 
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Fig. 6. Static Water Levels in North-South Shallow Observation Wells 


The data presented here were gathered on Feb, 1, 1954. The static water level was 
measured from the pond water level. The hydraulic gradient slope is 0.079 per cent 
toward the city pumping wells. 


Fig. 7. Wastes Treatment Plant 
The plant consists of pumping units, sedimentation tanks, and trickling filters. 


Fig. 8. Artificial Recharge Pond 
The section built first is at the upper left of the addition. 


Pig. 9. Natural Recharge Pond 
The long wooden flumes are seen as thin lines in the photograph. 
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Fig. 10. Disposal-Well Treatment Plant 


This treatment plant consists of neutralization, flocculation, clarification, and filtra- 
tion tanks and injection pumps. 


Pig. 11. Natural Pond in Polluted State 
The gray, brackish water of this pond is an indication of its highly polluted state. 


Fig. 12. Natural Pond in Uncontaminated State 


This photograph was taken a few months after the disposal well-treatment plant had 
gone into operation. 
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ing a very much increased industrial- 
waste load on the pond. The total 
volume of water entering the pond and 
percolating into the ground was 1.5 
mgd. The pond was developing ob- 
jectionable odors, with the presence of 
anaerobic gas, and concern was felt 
about the effect of the foul water on 
the pumping wells. The BOD- 
digesting capacity of such a pond was 
not known and was difficult to deter- 
mine. It was noted, however, that a 
large part of the 20,000 lb of BOD 
per day going into the pond consisted 
of organic solvents with persistent 
odors. Long wooden flumes were 
built to distribute the waste better over 
the pond. This procedure was of con- 
siderable help, but it was apparent 
that the loading was too great and 
that additional measures would have 
to be taken to prevent contamination 
of the pumping wells 800 ft distant 
from the pond. Samples of water 
taken from small test wells drilled be- 
tween the pond and pumping wells 
were found to have a high BOD, a 
disagreeable odor, and a high bacteria 
count; Esch. coli was present. Fur- 
ther, the water specimens were fatal to 
Daphnia, an indication that the water 
was toxic. The use of the pumping 
wells near the pond was discontinued 
in order to divert the polluted water, 
and work was started at once to obvi- 
ate further dumping of industrial 
wastes into the pond. 

A program to reduce the volume of 
contaminated waste water in the manu- 
facturing building saved about 550,000 
gpd. The greatest part of the saving 
was made in connection with the large 
number of steam vacuum jets used in 
the area. It was found that these 
jets could exhaust to the atmosphere, 
thus, dispensing with the water contact 
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condensers. This change in operation, 
along with other measures, reduced the 
water consumption and the load on the 
industrial sewer for that area from 
620,000 to 70,000 gpd. The indus- 
trial sewer—load reduction, incidently, 
greatly simplified the design condi- 
tions and reduced the the 
new wastes disposal plant, which it 
was necessary to build. 


cost of 


Disposal Wells 


Because the waste volume was re- 
duced to less than 100,000 gpd, with 
a BOD of 5,000 Ib per day, it ap- 
peared best to investigate the possible 
use of brine strata disposal wells in 
order to obviate an expensive biologic- 
treatment plant. Very little could be 
determined about the possible injec- 
tion rate or the compatability of a brine 
strata well with the wastes without 
actually drilling a well. After the first 
well, drilled to a depth of 1,532 ft, 
gave a satisfactory injection test into 
the Traverse and Dundee formations, 
a second injection well, 1,476 ft deep, 
was also completed. 

The preliminary treatment plant 
units that were built consist of neu- 
tralization, flocculation, clarification, 
and filtration tanks, as well as two 50- 
gpm, 1,000-psi injection pumps, placed 
in service in November 1954 (see Fig. 
10). The waste is being disposed of 
safely away from the potable water 
supply with the full approval of the 
Michigan Conservation Dept. and the 
Water Resources Commission. Note 
the gray, brackish appearance of the 
water in Fig. 11 and compare it with 
Fig. 12, which is a photograph of the 
pond a few months after the disposal- 
well plant went into operation. The 
pond is now recharging about 1 mgd of 
clean waste water. The polluted water 
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that has entered the pumping aquifer 
is still being traced by use of observa- 
tion wells. It is hoped that the water 
will be moved around, filtered, and 
diluted by alternating pumping well 
operations and will cause no trouble. 


Conclusions 


1. A reasonably rapid percolation 
rate is possible in the particular soil 
at the site of the manufacturing plant, 
making feasible the use of artificial 
recharge ponds. 

2. As large a head of water as pos- 
sible, consistent with the gravity flow 
from the sewer (to reduce pumping 
costs) is an advantage to the percola- 
tion rate. 

3. The outdoor-air temperature low- 
ers the temperature of the pond water 
awaiting recharge into the earth. Dur- 
ing the winter, the water is cooled 
about 23°F. This effect is an advan- 
tage of recharge ponds over recharge 
wells, 

4. The earth cools the recharge 
water, whose velocity is 1} ft per day, 
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at the rate of 1°F for each 19 ft of 
travel through the earth. These facts 
permit estimation of how far a pump- 
ing well should be from the recharge 
area in order not to affect well water 
temperature. 

5. The recharge water flows into 
the “drawdown cone of depression” of 
the company’s wells, and the cone is 
tipped toward the Kalamazoo wells; 
thus, both of the large water users, 
well as others, benefit from the 
recharging. 

6. There is real contamination dan- 
ger to nearby wells when poor quality 
water is recharged into the ground. 

7. The proper design and operation 
of waste treatment plant facilities is 
essential in safeguarding streams and 
underground water. 

8. Brine strata wells are a good 
means of waste disposal when the 
proper conditions exist. 

9. The new enlarged artificial pond 
recharges 9 per cent and the natural 
pond 16 per cent of the well water 
drawn from the ground. 


as 


AWWA Safety Manual 
Part 3—Safe Working Practices 


After several years of study, AWWA Committee A2.E—Safety Prac- 
tices has prepared a manual of safety practices for water utilities. 
The document is divided into four parts, the first two of which were 
printed in the July 1955 issue, beginning on p. 637. Part 3, because 
of its length, is being published in several installments, the first of 
which began in the August 1955 issue, starting on p. 791. When 
serialization is completed, the manual will be made available as a sepa- 


rate volume for easy reference. 


Section 11—Power Shovels and Draglines 


1. Allow only authorized men to 
operate power shovels or draglines; 
require operators to wear hard hats. 

2. Inspect equipment and be certain 
that it is in safe operating condition. 

3. Do not allow anyone to stand, 
walk, or work under suspended loads 
or booms. Be sure that people will 
not be caught by the swing of the ma- 
chine cab. 

4. Avoid overloading buckets or 
booms. Know the safe load limit of 
the equipment. The manufacturer's 
limitation for loads at various angles 
of the boom should be listed or posted 
in the cab and strictly observed. 

5. Do not undercut the bank when 
moving earth. 

6. Be certain that the driver of the 
truck or engine has dismounted and 
is in the clear before swinging a load 
over the equipment. 

7. Load dump trucks or cars evenly 
so that material does not overhang the 
sides. 

8. Shut off the power and secure all 
movable parts before leaving the ma- 
chine. Keep floors and running boards 
free of grease, oil, and debris. 


9. Lower the boom and rest it upon 
a horse or suitable support if the ma- 
chine is to be idle for long periods of 
time. 

10. Use a handhold for getting off 
or on the equipment; do not jump. 

11. If a signal man is needed, ap- 
point one and follow only his signals, 
which should be standard ones. 

12. Avoid proximity to all electric 
wires. Maintain a reasonable clear- 
ance (8 ft) from primary circuits. 
When a crane boom is operating near 
power wires, instruct personnel not to 
touch the suspended load. If the boom 
should accidentally touch the wire, the 
operator may be seriously injured, 

13. Keep the crane or dragline as 
close to level as possible before lifting 
heavy loads, in order to prevent over- 
turning the equipment. 

14. When leaving the equipment, be 
sure to set the brakes, secure the boom, 
lower the dipper and bucket to the 
ground, and take the engine out of 
gear. 

15. Before lifting an unusually 
heavy load, first test the brakes by 
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trying a short lift to make sure the 
load is under full control. 

16. If a load does not ride properly 
when raised, lower it, and have the 
sling or slings adjusted. 

17. Never allow anyone to ride on 
loads or buckets. 
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18. When moving a crane or drag- 
line with a suspended load, try to 
avoid uneven ground. 

19. Do not allow people near enough 
to be hit by swinging loads. 

20. Use a tagline to prevent the load 
from spinning. 


Section 12—Pipe 


Handling 


Because handling pipe is no job for 
an amateur, only trained and skilled 
men using suitable and adequate equip- 
ment should be given the assignment. 


in moving pipe by hand. Accidents 
sometimes result because one man starts 
to lift or lets go of the load before the 
others are ready. The use of standard 
signals is recommended. 


Fig. 14. Unloading of Pipe 


The pipe is being unloaded from the truck with the aid of skids and two sunbbing 


ropes. 


Successful, safe completion of work 
involving pipe handling also rests on 
following a proved method; do not 
take undue risks with the safety of the 
crew by trying unconfirmed short cuts, 
because the time saved is not worth 
the chance of a serious accident. 
These tested procedures for handling 
pipe should be carefully followed: 

1. Take the utmost care to see that 
members of each crew work together 


The workmen are carefully staying out of the path of the pipe. 


2. Use a U-shaped carrying bar, 
carrying tongs, or pipe sticks that are 
adequate for the pipe’s size and 
weight; do not use makeshift tools. 
Pipe over 8 in. in diameter should be 
handled with mechanical aid. 

3. Take a firm grip on the lifting 
bar or tongs, and be sure the hold will 
not slip. 

4. When lifting or lowering a 
weight, bend the knees, placing the 
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load on the leg and thigh muscles, not 
on the abdominal and back muscles ; 
keep the back fairly perpendicular. 

5. Lift and lower at a given signal 
by the man in charge, so that all mem- 


bers of a crew move together. Avoid 
sudden starts or stops. 

6. Skids should be of ample 
strength, and should be securely 
placed. 


7. When unloading pipe from trucks 
or cars, lower individual pieces by 
snubs all the way down the skids 
(Fig. 14). 

8. Do not stand between the skids 
while pipe is being lowered. 

9. Before snubbing operations are 
begun, inspect the ropes carefully for 
defects. 

10. Wear gloves for all snubbing 
operations, as slipping rope may cause 
burns on bare hands. 

11. Take every precaution to pre- 
vent the uncontrolled rolling of pipe, as 
a rolling pipe is dangerous. Use wood 
chocks when necessary. 

12. When manually lifting or lower- 
ing pipe in a trench, use two or more 
rope slings, looped under the pipe, 
and handle from each side of the 
trench. To prevent men from being 
pulled into the trench by a heavy pipe, 
anchor one end of each rope sling to a 
massive object, such as a truck, 

13. When aligning pipe in_ the 
trench with either manual or mechani- 
cal power, keep hands and _ fingers 
away from ends of pipe and other sub- 
structures that may cause injury by 
crushing. 

14. Govern crane operations by the 
signals of a qualified crewman only. 

15. Never attempt to catch and hold 
a length of pipe that appears to be 
slipping from a sling handled by a 
crane or hoist. 
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16. Be alert to unsafe conditions of 
trench sides when measuring, testing, 
or inspecting pipe in place on a trench 
bottom. 

17. When cutting sections of pipe, 
keep feet in the clear and use adequate 
blocking, chocks, or pipe vises, to pre- 
vent pipe movement during the proc- 
ess. Wear safety goggles. 

18. Keep tools and appliances in 
good condition for the handling, cut- 
ting, threading, or treatment of pipe. 
Use the right tool for the job. 


Fig. 15. Stacked Pipe 


The pipe is stacked four rows high with 

2-in. by 4-in. separators and wooden 

wedges. Note that the pipe is alternated 
end for end. 


19. Do not let tools or materials be- 
come stumbling hazards where pipe is 
being handled. 

20. Avoid short cuts and makeshift 
methods that may increase the hazards 
of handling pipe. 


Storing 
1. Small pipe should be stored in 
racks according to lengths and sizes. 
2. Pipe should always be blocked to 
prevent it from rolling or falling. 
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3. Threaded pipe should be handled 
with care, for threads are sharp and 
can easily cut the flesh. 

4. Pipe larger than 2 in. in diameter 
should be stacked in storage with spac- 
ing strips placed between each row. 

5. Each row of stacked pipe should 
be arranged and blocked to prevent its 
rolling from the pile. All blocking 
should be of reasonably permanent ma- 
terial, such as chemically treated wood 


(Fig. 15). 
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6. A pipe unit should never be with- 
drawn from a lower row. 

7. In pipe storage areas, or where 
allied pipe material is handled by a 
crane, men should be conversant with 
the signals used by the operator and 
be careful to stay clear of the load’s 
path; standard signals only should be 
used. 

8. Pipe yards and walkways should 
be maintained in a clean and orderly 
manner at all times (see Fig. 16). 


Pig. 16. Storage Yard 


The stock is neatly piled, leaving uncluttered aisles. Painted lines designating aisle 
boundaries would be helpful. 


Section 13—Lead and Calking Compound Melting and Handling 


Lead Melting 


1. Conduct lead-melting operations 
in such a location and in such a manner 
that the actual contact with, or the 
spillage of, the hot material is mini- 
mized. Take special precaution when- 
ever the work is performed in an area 
where the spillage could endanger 
workmen in vaults, trenches, or other 
excavations. 


2. Do not put wet material or water 
into the molten lead or add large quan- 
tities of lead to the melting pot sud- 
denly, as such action is the frequent 
cause of explosions of the lead pot. 

3. While the lead is melting, also 
heat the ladle to evaporate any mois- 
ture that might be present in it. 

4. Be sure to preheat new lead be- 
fore adding it to already molten metal. 
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5. When lead is to be added to, or 
drawn from, the pot, always wear 
gloves or mittens, have sleeves rolled 
down, use a face shield, and wear 
high-top shoes (see Fig. 17). 

6. When pouring lead, be certain 
that the footing is secure ; wear gloves ; 
have sleeves rolled down; and wear a 
face shield. Take a position in back 
of the bell or sleeve opening (Fig. 18). 
If the joint contains moisture, pour in 
a small quantity of oil before the lead. 


Pig. 17. Addition of Lead to 
Melting Pot 


The workman is fully clothed, including 
a face shield, to avoid exposing any part 
of the body. 


7. Make sure that the path of travel 
from the lead-melting operation to the 
point where the lead is to be poured 
is unobstructed. Warn all workmen 
along the route to be alert and stand 
clear when hot material is being 
carried. 

8. Personal cleanliness will greatly 
aid in reducing the hazard of lead 
poisoning ; wash hands and face before 
eating or drinking. 

9. Use proper personal protective 
measures, such as adequate clothing 


LEAD AND CALKING COMPOUND 


927 


(with sleeves rolled down), gloves, 
and eye shield while handling molten 
metal. 


Calking 

1. Only those men actually engaged 
in calking should be permitted in the 
immediate area. 

2. A calking operation should be 
free from distractions or unsafe con- 
ditions that could contribute to an 
accident. 


Fig. 18. Pouring a Joint 
The workman's body is fully covered with 
clothing, gloves, and face shield. He has 
not taken the precaution of wearing a 
hard hat. 


3. A calker should maintain and use 
only tools that are approved and in 
good condition. 

4. Adequate eye protection should 
be worn during use of impact tools. 

5. Adequate work space should be 
provided around the joint to be calked. 


Compound Melting 
1. When calking compound is 
melted, unnecessary contact with the 
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fumes of either the primer or the com- 
pound should be avoided, especially 
when using bitumastic or phenolic 
compounds. To reduce the hazard of 
burns from fumes retained in the 
clothing, it should be changed and 
cleaned every day. 


2. When it is necessary to carry the. 


hot material in buckets, they should 
be riveted for additional protection. 

3. Hot compound should be carried 
in closed buckets constructed for that 
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purpose ; not more than a single bucket 
should be carried by one man, as the 
bearer should have a hand free to as- 
sist in the prevention of accidents. 

4. Handlines should be used to raise 
or lower the buckets containing hot 
material. 

5. The kettle valve should be opened 
slowly to avoid a splashing of the hot 
compound. 

The kettle should never be left 
unattended while the contents are hot. 


Section 14—Barricades and Warning Signs 


1. Warning signs should be placed 
well ahead of construction or repair 
areas to warn traffic of the hazard. 


‘as 


planks to provide a safe working space. 
Flagmen to direct and slow down 
traffic may be essential in some areas. 


vert 


Pig. 19. Barricaded Work Area 


The com- 
Hard hats 


The safety precautions taken protect both the workmen and the traffic. 
pressor is located between the excavation and the oncoming automobiles. 
are being worn by the men in the trench. 


Where trucks or air compressors are 
used, they should be stationed between 
the work and the traffic (see Fig. 19). 

4. During periods of reduced visi- 
bility, suitable, adequate lighting 
should be used in addition to other 
protective measures. 


2. Suitable barricades or other 
warning devices should be placed far 
enough from work areas safely and 
suitably to divert both foot and vehicu- 
lar traffic, 

3. The work area should be pro- 
tected by barricades, barriers, or 
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5. Adequate barriers, barricades, 
lights, and signs should be placed to 
warn and divert traffic during periods 
in which no work is in progress. More 
than one light should be used for each 
job; reflecting tape on barricades may 
reduce the number of lights required. 

6. The construction and placement 
of warning devices should conform 
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to local traffic requirements and 
regulations. 

7. In winter, it may be necessary 
to stop traffic from using streets cov- 
ered with surface ice resulting from 
a main break until a sanding or scari- 


fying operation may be completed and 


Section 15—Concrete Mixers 


1. Before a concrete mixer is moved, 
securely fasten the hitch. The use of 
properly secured safety chains are 
recommended. 

2. Obtain adequate help to handle 
the tongue when connecting or dis- 
connecting it from a trailer hitch. A 
mixer in tow should be moved back- 
wards only when a signalman instructs 
the driver to do so, 

3. Keep mixers level to prevent tip- 
ping. On a hill, blocks the wheels, 
and before leaving the mixer, lower 
the skip, set the brakes, and turn the 
switches off. 

4. Before starting the engine, place 
the control in neutral. Run the engine 
for at least 5 min before engaging the 
clutch. Find out the cause of an en- 
gine backfire at once. 

5. Be certain everyone is out of 
danger before the skip is moved up 
or down. When maintenance or re- 
pair of a mixer is being conducted, 
be sure the skip is in a_ lowered 
position. 


traffic resumed under safe driving 
conditions. 
6. To crank a motor, keep the 


thumb beside the other fingers and pull 
up a quarter turn; better, use a rope. 

7. Keep away from the drum open- 
ing when the mixer engine is running. 
Guard belts, gears, pulleys, flywheels, 
and rollers. 

8. When exposed to cement dust, 
wear a dust respirator and tight-fitting 
clothes. 

9. Wear goggles when cleaning 
hardened concrete from drums, as well 
as at any other time of exposure to 
flying substances. 

10. Stop the engine and lock it be- 
fore entering the drum or making 
repairs. 

11. To prevent burns or scalds, do 
not refuel the mixer engine while it 
is running or hot; use extreme care 
when adding water to a hot radiator. 

12. Keep the mixer clean, and do 
not allow waste material to accumulate 
in or around it. 

13. Mark the mixer with a red cloth 
flag by day, a red light at night. 


Willing Water Says: 


A good safety program is cheaper than 
a high accident rate. 
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LOWER THE LOAD 


RAISE THE BOOM RAISE THE 300M 
AND HOLD THE LOAD AND LOWER THE LOAD 


LOWER THE BOOM SWING LOAD IN TRAVEL IM DIRECTION 
AND RAISE THE LOAD DIRECTION HAND POINT SIGNAL MAN FACES 


Fig. 20. Standard Signals for Locomotive Cranes 


These signals should not be confused with those shown in Fig. 21 for overhead travel- 
ing cranes. The illustrations are taken from Accident Prevention Manual for In- 
dustrial Operations, published by National Safety Council, Chicago, Ill. (2nd ed., 

1951), Chap. 12, p. 19. 
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: Section 16—Hoist Operations 


Air Hoist 

1. Permit only authorized personnel 
to manipulate air hoists. 

2. Before operating a hoist, be cer- 
tain that it is in good working condi- 
tion, that the wire rope or chains are 
not defective, and that the hook is 
not bent. 

3. Always use any existing safety 
device designed to prevent the sling 
or chain ring from jumping off the 
hook or beam. 

4. Always try to center the hoist 
over the load before lifting. 

5. Allow for any possible swing 
when the load leaves its resting place 
and stand to one side when making 


11. Keep hands from places where 
pinching is likely to occur. 


Locomotive Crane 


1. Permit only authorized personnel 
to operate a crane or hoist. 

2. Check to ascertain that a crane 
or hoist is in good condition before 
operating the apparatus. 

3. Test all hoist limit controls and 
brakes at the beginning of each shift, 
as well as every boom support and 
clevis pin. 

4. Before handling an unusually 
heavy load, test the brakes on a 
short lift to make sure full control is 
available. 


Willing Water Says: 


Committee work stimulates interest in 
maintaining a safety program. 


the lift if the load is attached at an 
angle to the hoist. 

6. Manipulate the controls to lift 
the load slowly. 

7. Do not stand or allow anyone 
else to work or stand under suspended 
loads. 

8. If it is necessary to work under 
a suspended load, block it up so that 
it cannot descend if the mechanism 
should fail. 

9. Never lift a load on the point of 
the hook. 

10. When moving a hoisted load, 
always push it, rather than pull, in 
order to keep feet out of danger if 
the burden should fall. 


5. Appoint a signal man and move 
the load only at his signals, which 
should be standard ones (Fig. 20). 

6. Be certain that everyone is safely 
out of the way before moving a load. 

7. Lower a load which does not ride 
properly when raised and have the 
slings adjusted. 

8. Do not carry loads over men, and 
do not let anyone walk or stand under 
a suspended burden or the boom of 
a crane. 

9, Avoid uneven ground, if possible, 
when moving a crane which has a load 
hanging from the boom. 

10. Never allow anyone to ride on 
loads or hooks. 
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11. Avoid close proximity to elec- 
tric wires. 

12. Place the bucket on the ground 
when the crane is not in use. 

13. Lower all crane or dragline 
booms on a horse or other support 
during overnight inactivity. 

14. Require all personnel working 
with lifting equipment to wear hard 


hats. 


Overhead Traveling Crane 


1. Permit only authorized personnel 
to operate a traveling crane. 

2. Use both hands when climbing to 
or descending from the crane cab; lift 
tools and materials to the cab with a 
handline. 
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3. Lock open the mdin power switch 
of a crane if repairs are to be made. 

4. Keep unauthorized persons off the 
crane. 

5. Be certain that controls are in 
the off position before opening or clos- 
ing the main switch. 

6. Inspect all crane equipment on 
shift; make that circuit 
breakers, limit stops, brakes, and all 
other safety devices are operative; 
check the condition of the hook and 
wire rope. 

7. If the power should fail, move 
the controls to the off position at 
once ; wait until the signal lamp lights 
before turning the controls to the on 
position, 


each sure 


EMERGENCY STOP 


Fig. 21. Standard Signals for Overhead Traveling Cranes 


These signals are not the same as those used for locomotive cranes (Fig. 20). The 
illustrations are taken from Accident Prevention Manual for Industrial Operations, 
published by National Safety Council, Chicago, Ill, (2nd ed., 1951), Chap. 12, p. 14. 
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8. Never depend on a limit switch to 
stop the motor; use the controls for 
this purpose. 

9. Be certain that all signals are 
clearly understood ; observe the details 
of loads being moved and, if anything 
seems unsafe, stop the crane until the 
situation is corrected. 

10. Use only standard signals to 
control crane operations (Fig. 21). 

11. Do not move loads over the 
heads of workers or allow them to 
walk, stand, or work under a sus- 
pended burden; when moving loads in 
populated areas, sound a warning sig- 
nal and make sure that everyone moves 
to safety. 

12. Whenever the crane is left, 
place all controls in the off position, 
open the main switch, and set the 
brakes. 

13. Require all personnel to wear 
hard hats. 

14. Use only approved equipment 
for lifting all types of material (see 
Fig. 22). 


Fig. 22. Use of Overhead Traveling 
Crane 


The operator is raising a 1-ton container 
of chlorine which is held by an approved 
lifting clamp. 


Section 17—Pumping Stations 


Danger is always present where ma- 
chinery, such as pumps and motors, is 
operating and where high-voltage elec- 
tricity is used. Undoubtedly, pumping 
station operators have the highest re- 
spect for the hazards involved in their 
occupation. Unfortunately, familiarity 
tends to breed carelessness and com- 
placency. Constant attention and alert- 
ness is the best way to avoid injury. 
Never be caught off guard. Carefully 
follow the safety precautions presented 
in this section. 


Warm-Weather Operation 


Gates placed across door areas to 
allow ventilation while excluding un- 
authorized persons are recommended, 
Oiling 

1. Stop machinery before cleaning, 
oiling, or adjusting it. 

2. Lock the switch gear so that 
no one can start a machine being 
worked on. 

3. Before starting a machine, be cer- 
tain that personnel are clear of danger 
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and that working parts are free to 
move without damage. 

4. Apply enough oil or grease to 
give good lubrication without overflow. 

5. Wipe up immediately all spilled 
oil or grease. 

6. Take advantage of each lubrica- 
tion to inspect the condition of all 
visible machine parts; report unsafe 
conditions at once. 

7. Replace all guards immediately 
after lubrication and before starting 
the machine. 

8. Never point a grease gun at any- 
one or shoot grease into the hand. 

9. Take sufficient time to handle 
tools properly. 

10, Never leave tools 
one may trip over them. 

11. Where machines or machine 
parts must be lubricated while in mo- 
tion, the lubricant fittings should be 
located at least 12 in. from dangerous 
moving parts, unless a pipe extends 
from the fitting outside a guard. 


Repairs 

1. Lock the controlling switch gear 
before beginning work, so that the 
machinery cannot be started by an- 
other person, 

2. Place substantial blocking under 
any equipment suspended or supported 
by jacks or a chain hoist before com- 
mencing work, 

3. Assure proper ventilation in the 
work area. 


where some- 
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4. Use only solvents having flash 
points of 100°F or higher. (Petroleum 
solvents, such as Stoddard solvents and 
kerosene, have high flash points and 
are sufficiently effective for the clean- 
ing operations involved in the mainte- 
nance of automotive equipment. The 
volatility of such agents is low enough 
to prevent reaching hazardous concen- 
trations in workrooms of ordinary size 
at common temperatures. ) 

5. Do not use solvents in confined 
places, such as tanks and pump pits, 
without good mechanical ventilation. 
( Petroleum solvents have an anesthetic 
action in high concentrations and all 
the commonly used volatile solvents 
are toxic to some degree. Benzol 
(benzene) is highly toxic, although its 
kindred substances, toluol (toluene ) 
and xylol (xylene) are less toxic and, 
therefore, less dangerous. Wood al- 
cohol or methanol (methyl) is a strong 
poison. Other alcohols vary widely in 
toxicity, but in general are less poi- 
sonous than methanol. Petroleum sol- 
vents, such as the naphthas, and many 
trade name compounds, such as Stod- 
dard solvents, are relatively nontoxic. ) 

6. Exercise caution in the use of 
solvents whose complete composition is 
not presented on the container. (Trade 
name compounds may contain benzol 
or other highly toxic substances. Com- 
mercial grades of relatively nontoxic 
solvents may contain considerable 
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Willing Water Says: 


Whatever the job, it can be done 


safely. 
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amounts of highly toxic materials as 
impurities. ) 

7. Do not use gasoline, carbon tetra- 
chloride, or other highly toxic or low 
flash-point cleaning agents. (Kero- 
sene, Stoddard solvents, petroleum 
naphthas, and methyl chloroform (1,1,- 
1-trichloroethane ) are reasonably safe. 
The last-named substance is  non- 
flammable. ) 

8. Keep a suitable fire extinguisher 
near at hand and ready for use. 

9. Maintain sufficient labor and 
hoisting equipment on the job to han- 
dle heavy objects. 

10. Examine tools and keep them 
in safe working condition. 

11. Secure unbolted heavy objects 
if it is necessary to leave the work 
place. 

12. Keep goggles within easy reach, 
and wear them when eye protection 
is needed. 

13. Keep aisles and open spaces on 
the floor free of tools and other objects. 

14. Change clothes that become 
soaked with oil or gasoline rather than 
risk a dangerous fire. 

15. Do not consider a job completed 
until after it has been checked to make 
sure that lock washers, cotter pins, 
and safety devices are in place. 


Guards 


1. Guards should be adequately se- 
cured in place in order to shield, fence, 
rail, enclose, or otherwise guard prime 
movers, power transmission equip- 
ment, and machines and machine parts. 
(Such procedures will protect em- 
ployees against exposure to, or acci- 
dental contact with, dangerous moving 
parts. ) 

2. Guards should be provided with 
hinged or removable sections at places 
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where it is necessary to change belts, 
make adjustments, or admit lubricants. 

3. Where the guard or enclosure is 
within 4 in. of a moving part, the 
maximum opening in the screen should 
not exceed } in. 

4. Where guards are located more 
than 4 in. and less than 15 in. from a 
moving part, the maximum opening 
should not exceed 2 in, 

5. Standard railing guards should 
be placed not less than 15 in. nor more 
than 20 in. from moving parts. 

6. The guard should be strong 
enough to provide real safety; guard 
structures should be so constructed 
that they cannot be pushed or bent 
against moving parts. 

7. Guards should be removed and 
replaced for maintenance only when 
the machinery is not in operation. 


Electric-Switch Panels 


1. Switchboards should be located 
and constructed in a manner which 
will reduce the fire hazard to a 
minimum. 

2. Switchboards should be located 
where they will not be exposed to 
moisture or corrosive gases. 

3. Adequate illumination should be 
provided for the front of all switch- 
boards and for the back of those which 
have parts or equipment requiring ad- 
justment, replacement, or repair. 

4. Clear working space of adequate 
size and secure footing should be pro- 
vided and maintained about all switch- 
boards and motor control equipment. 

5. Special insulating mats should be 
placed on the floor at all switchboards. 

6, Open switchboards should be ac- 
cessible only to qualified and authorized 
personnel and should be properly 
guarded or screened. 


a 
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7. All electrical equipment, includ- 
ing switchboard frames, should be well 
grounded. 

8. Permanent and conspicuous warn- 
ing signs should be provided for panels 
carrying more than 600 v. 

9. Areas screened off because of high 
voltage should be provided with locks 
that open from the inside without keys. 
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terlocks so that it cannot be opened 
while the power is on. 


Transformer Stations 


1. Water utility employees should 
be sufficiently familiar with the layout 
and construction of transformer sta- 
tions so that they can safely perform 
routine inspection and minor mainte- 


Pe 
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Fig. 23. Transformer Station 


The high, substantial fence with warning signs and a locked gate is a commonly found 


safety measure. 


The surrounding area is maintained in excellent order, without tall 


weeds or brush. 


10. Lock switches should be open 
and properly tagged when men are 
working on equipment. 

11. Fully enclosed, shockproof panels 
should be used when possible; such 
equipment should be provided with in- 


nance, as well as recognize and report 
major damage, dangerous conditions, 
and other troubles for correction by 
power company personnel. Plans of 
the electrical system should be avail- 
able at each station. The types of sta- 
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tions normally found in water works 
installations include: 


a. Two-Pole Structure, consisting of 
two 35-ft poles with horizontal timbers 
mounted approximately 12 ft above 
ground to support transformers. Asso- 
ciated equipment, such as disconnects, 
and lightning arresters, is normally in- 
stalled on the cross arms of one pole. 
No enclosure is required in the two- 
pole type of station. 

b. Ground Platform, consisting of a 
concrete pad or base with two 35-ft 
poles at either end of the pad. Trans- 
formers are placed on the pad below 
the high voltage bus, which is normally 
8 ft above the base; associated equip- 
ment is installed on the crossarms of 
the incoming-line pole. The station is 
enclosed with a chain link fence of 
sufficient dimensions to give required 
inside clearances. The gate provided 
on one side has a lock. The structures 
and the fence are grounded. Warning 
signs are placed on all sides of the 
enclosure. If a building wall forms 
one side of the area, all windows and 
openings are screened and_ barred 
(Fig. 23). 

c. Vault, consisting of a fireproof 
room—generally within a_ building— 
with minimum dimensions of 8 ft « 20 
ft; ventilators to the outside provide 
adequate cross ventilation. Entry is 
by an approved fire door without self- 
locking devices. A sign warning of 
high voltage is prominently displayed 
on the outside of the door. The high 
voltage bus generally extends from one 
end of the vault to the other, in the 
form of a strain bus (with protecting 
fuses) mounted on stanchions. The 
incoming line to the vault may enter 
either overhead from a pole and down 
a standpipe or underground from a 


manhole. All low-voltage equipment 
is located outside the vault. 

2. Employees should be alert to rec- 
ognize and report as soon as possible 
any dangerous or defective condition 
or vandalism. If a hazard is found, a 
person should remain on guard or 
adopt other means to prevent accidents 
and injury to others. Fallen cables, 
wires, timbers, or other objects should 
be reported immediately. 

3. The location and use of fire ex- 
tinguishers should be familiar to 
employees. Soda-acid extinguishers 
should never be used in the vicinity 
of live conductors; carbon dioxide or 
dry-powder extinguishers are recom- 
mended. Extinguishers should con- 
tain only nonconducting materials and 
should be inspected at intervals to in- 
sure good condition. 

4. Enclosure gates and vault doors 
should be kept securely locked at all 
times except when entry is required, 
and only qualified employees should 
have keys. 

5. Poles should be periodically ex- 
amined for decay at the ground line 
with a sharp, pointed tool or bar. 
Poles should be tapped above the 
ground line with a hammer for evi- 
dence of decay or dry rot.* 

6. Structures and fences should be 
inspected at regular intervals to insure 
that they are in place, undisturbed, or 
undamaged.* 

7. The area within and near enclo- 
sures should be kept clear of tal! grass, 
weeds, and brush.* 

8. Good housekeeping 
practiced at all times. 


should be 
Approaches 

* These duties should be completely re- 
stricted to employees of the power company, 


unless the water utility has a competent 
electrical staff and the electric company 
agrees to permit such personnel to make 


inspections. 
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and aisles to gates and doors should 
be kept clear. Enclosures and vaults 
should never be used for storing tools 
and materials.* 

9, All of the warning signs should 
be checked periodically and kept in 
good repair.* 

10. Vaults should be inspected for 
vapors and abnormally high tempera- 
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tures; all types of stations should be 
checked for leaking oil.* 

11. Extreme care should be taken in 
working about installations. It should 
be assumed that the transformer is en- 
ergized unless it has been proved other- 
wise by test. In absence of such proof, 
all safety precautions should be ob- 
served for presence of full voltage. 


Section 18—Diesel and Gasoline Engines 


Gasoline and Oil Storage 


The storage of flammable liquids is 
controlled by agencies interested in fire 
prevention. Because safety require- 
ments vary with different localities, and 
even different sections of the same 
locality, it is recommended that the 
approval of these organizations be se- 
cured for storage facilities : 

1. Local fire department 

2. State fire marshal’s office 

3. Fire insurance examiner’s office 

4. Fire insurance rating inspection 
bureau 

5. Local and state building inspec- 
tion bureau. 

The following admonitions on gaso- 
line and oil storage are considered 
sound, although they may not apply 
in their entirety to all conditions and 
localities : 

1. Store large quantities of gasoline 
and oil underground outside of build- 
ings, in accordance with established 
ordinances. (Oil in small tanks and 
drums may be stored above ground in 
open-face buildings having ample ven- 
tilating facilities. ) 

2. Use approved safety containers 
at all times when transporting and 
storing gasoline and oil in small quan- 
ties. (Gasoline may be stored inside 
in quantities of not more than 10 gal; 
in some areas, this limit is 5 gal.) 


* See footnote on preceding page. 


3. Provide adequate ventilation. 

4. Never fill tanks or small contain- 
ers to capacity. Allow space of at 
least 3 per cent for expansion due to 
increased temperature. 

5. Keep all tanks and containers 
closed, except when filling or emptying. 

6. Do not place small containers 
within 10 ft of stairways, exits, or 
passageways. 

7. To eliminate all possible chance 
of igniting gasoline or oil: 

a. Arrange a standard procedure for 
filling and emptying containers. 

b. Control static electricity by 
grounding tanks, hoses, and, receivers. 

c. Keep a_ constant and good con- 
tact between the nozzle and the gas 
tank. 

d, Do not transfer gasoline during 
electrical storms. 

e. Use vapor-proof lighting 
flash-proof electrical equipment. 

f. Prevent excessive rise in tempera- 
ture; do not store flammable liquids in 
the sun. 

g. Keep gasoline away from open 
flames or heating units. 

8. Practice meticulous housekeeping : 


and 


a. Attempt to avoid spilling liquids, 
and wipe up all overflow immediately. 

b. Store used waste in covered 
metal containers until disposal. 

c. Prevent accumulating flammable 
materials. 


| | 
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9, Do not permit smoking ; maintain 
prominent “No Smoking” signs. 

10. Know the location of all exits. 

11. Do not place gas tanks of en- 
gines above the carburetor, because a 
stuck carburetor float causes gas spil- 
lage; use a fuel pump rather than de- 
pend on gravity. 

12. Know the location and type of 
fire-fighting equipment and its method 
of use: 

a. Provide approved types of ex- 
tinguishers. 

b. Check them at regular intervals 
to insure working order. 

c. Keep the area around extinguish- 
ers clear of all storage and other ob- 
structions which will block quick ac- 
cess in an emergency. 


Starting 


1. Before starting an engine; 


a. Make sure that all guards around 
moving and rotating parts are in place. 

b. Remove all tools that are near 
the engine. 

c. Make sure that floor in vicinity 
of engine is clean and in orderly con- 
dition, as well as free of all spillage of 
oil, grease, gasoline, and water. 

d. Check to see that all personnel are 
clear of danger. 

e. Inspect for the presence of gaso- 
line or oil vapors. 

2. Use the recommended safety grip 
(thumb not around the handle) when 
it is necessary to crank an engine by 
hand. 

3. Make certain that the compressed- 

¢ air equipment used for diesel starting 
has the proper pressure ; never, in any 
emergency, use other bottle gases to 
start a diesel. 


AND GASOLINE 
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Gearshift 


1. Be thoroughly familiar with the 
manufacturer’s instructions for operat- 
ing and servicing machinery. 

2. Place the shift in neutral before 
starting the engine. 

3. Keep guards in place at all times. 

4. Check to determine that the suc- 
tion and discharge valves of pump 
lines are in the proper position before 
operating the gearshift. 


Exhaust 


1. Have all exhaust from engines 
conducted to the outside by a properly 
installed manifold and exhaust system, 
which should be checked periodically 
to insure that it is in good operating 
condition and is free of leaks. 

2. Make sure that the exhaust out- 
side does not short-circuit back into 
buildings through open windows or 
ventilators. 

3. Carefully investigate all pits and 
depressions in the building for accu- 
mulations of dangerous vapors. 

4. Upon entering a building, imme- 
diately check for the presence of ex- 
haust or other gases ; use only approved 
test instruments and methods.* 

5. Maintain ventilating equipment in 
good condition. 


Repair 

1. Be properly clothed for the job: 

a. Never wear gloves, jewelry, neck- 
ties, long sleeves, or loose or torn 
clothing near machines with rotating 
or moving parts. 

b. Keep hair clear of moving parts ; 
wear a Cap. 

c. Keep shoes in good repair. Avoid 
rubber heels; use a nonslip material 
such as neoprene. 

*Consult “Mine Gases and Methods for 


Detection,” Circular No. 33. US Bureau 
of Mines, Washington, D.C. (1948). 
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d. Have a complete change of work 
clothes available; wash them fre- 
quently and keep them separate from 
street clothes. 

e. Do not wear oil- or gasoline- 
soaked clothing, even for a short time ; 
do not place such articles in hot water 
for cleaning, because vapors may reach 
open flames and cause an explosion. 

f. Do not, under any condition, use 
compressed air to clean work clothes. 

2. Set up and follow a regular, tested 
procedure for maintenance and repair 
of engines. 

3. Do not oil, adjust, or repair an 
engine while it is running or while its 
exhaust manifold is hot. Stop the 
motor and make sure that no one else 
can start it while work is being done. 

4. Use a reasonably nontoxic, high- 
flashpoint solvent for cleaning engines 
and tools. (Kerosene, Stoddard sol- 
vents, petroleum naphthas, and methy! 
chloroform (1,1,1-trichlorethane) meet 
this requirement reasonably well.) Do 
not use gasoline, carbon tetrachloride, 
or other highly toxic cleaning agents. 

5. Wipe machinery frequently and 
place the used cloths in covered metal 
containers until disposal. (See Sec. 
17. for additional information on 
solvents. ) 

6. Do not smoke while working on 
an engine. 

7. Either get help to raise heavy ob- 
jects or use a chain hoist or other 
lifting equipment. 
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8. Secure heavy, unbolted engine 
parts if it becomes necessary to leave 
the work area. 

9. Practice good housekeeping ; keep 
the floor around engines clean, dry, 
and free of slippery materials and ob- 
jects that may cause tripping ; wipe up 
spillage immediately. 

10. Use nonsparking tools where in- 
flammable and explosive vapors may 
be present. 

li. Open daily the drain valve at the 
bottom of compressed-air tanks, and, 
under pressure, blow off accumulations 
of oil, which are carried over from the 
lubrication of the compressor valves 
and which float on water that has con- 
densed from the compressed air. This 
oil can vaporize and explode on being 
heated. 

12. Know the location of an emer- 
gency shower for use if clothes catch 
fire. 

13. Ascertain the location of fire 
extinguishers and be familiar with their 
use. (Periodic training for all em- 
ployees in the use of fire extinguishers 
is recommended. ) 

14. Upon completion of repairs, 
thoroughly check the vicinity to insure 
that all tools, portable lamps, planks, 
ropes and other objects have been re- 
moved and that the cleanup has been 
carefully done. Before starting the 
engine, follow the recommendations 
presented in Sec. 18. 


Section 19—Wells 


Drilling 

1. Inspect the proposed site to be 
sure that it is free of overhead or 
underground electrical hazards before 
moving in or setting up the drill rig. 


to make a thorough inspection before 


2. Restrict the drilling area to au- 


thorized people only ; do not allow the 
public closer than 50 ft. 


3. Require the driller on each shift 
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the drilling operation is started in or- 
der to ascertain that all machinery and 
equipment, such as tools and cables, 
are in safe working condition. 

4. Construct a suitable working plat- 
form at the drill hole and safely ar- 
range the materials or tools that must 
be stored or used on the platform. 

5. Substitute stranded steel cables 
for chains where possible. 

6. Use stranded steel cable to lift 
the cap; never drive the casing while 
the cap is suspended from above. 

7. Maintain all machinery clutches 
in good condition to insure that the re- 
lease mechanism will function properly. 


8. Install and maintain all neces- 
sary guards for mechanical power 
transmission. 


9. Stop the engine while repairs are 
being made. 

10. Permit only experienced per- 
sonnel to work on the dynamiting of 
wells; always provide separate storage 
facilities for explosive caps and dyna- 
mite. (See Sec. 10 for additional in- 
formation on explosives. ) 

11. Use safe practices in handling 
and storing gasoline on a drilling job; 
provide gasoline drums with spigots 
that can be locked. 
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12. Take adequate measures to pre- 
vent explosions and asphyxiations from 
subterranean gases; provide ample 
ventilation for all enclosures. 


Housing 


1. Where toxic or flammable gases 
are suspected or known to exist, pro- 
vide ample positive ventilation in the 
building to assure the existence of a 
safe atmosphere at all times; keep the 
building securely locked, and permit 
only authorized persons to enter. 

2. Collect well head gases and con- 
duct them to the outside of the well 
house for liberation at an elevation 
above the roof. 

3. Where flammable gases are en- 
countered, use special nonspark elec- 
trical equipment. Enforce nonsmok- 
ing regulations; construct the well 
house with nonflammable materials. 

4. If a question arises about the ex- 
istence of toxic or inflammable gases in 
the well house, consult engineers of 
the state department of health, who 
have methods for testing the air for 
hazardous substances or for the lack 
of oxygen. (The common gases to be 
investigated are carbon dioxide, car- 
bon monoxide, methane, and hydrogen 
sulfide. ) 


Section 20—Automobile Mechanics 


The hazards involved in the main- 
tenance, use, service, and repair of the 
automotive equipment of water works 
plants throughout the United States 
require the general application of safe 
working practices. Because a great 
deal of such apparatus is designed for 
specific automotive purposes, the fol- 
lowing subsections deal with particular 
hazards and preventive measures that 
other industries have found effective. 


Heavy-Duty Equipment 

Follow these rules or precautions 
when working on, with, or around 
heavy equipment, such as dump trucks, 
backhoes, trenching machines, side- 
booms, bulldozers, gas shovels, air 
compressors, and payloaders : 

1. Place substantial blocking under 
any chain hoist-suspended or jack- 
supported equipment under which men 
must work. (The operator of trench- 
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ing equipment should never leave the 
controls while shovels are suspended 
without blocking. ) 

2. Be certain that feet are clear of 
passing automobiles or moving ma- 
chinery when it is necessary to go 
beneath a car or other equipment ; 
wear safety shoes. 

3. Guard against inhaling excessive 
carbon monoxide gas from exhausts 
of running engines; provide proper 
ventilation. 

4. Avoid keeping gasoline in open 
containers or pits. 

5. Use Stoddard solvents or some 
other high-flashpoint solvent for clean- 
ing parts; never use gasoline or carbon 
tetrachloride. 

6. Use the recommended safety grip 
(thumb not around handle) when it is 
necessary to crank an engine by hand ; 
crank heavier engines by a pull rope 
tied to the crank. 

7. Get help to lift unusually heavy 
loads, or use a hoist. 

8. Keep wrenches or other tools 
clean and in safe working condition. 

9. Secure unbolted heavy parts or 
engines if it is necessary to leave the 
work place. 

10. Keep goggles nearby and wear 
them when eye protection is needed. 

11. Keep aisles and open spaces on 
floor free of tools and parts. 

12. Change clothes that become 
soaked with oil or gasoline; do not 
risk a dangerous fire. 

13. Check to make sure that all 
lock washers and cotter pins are in 
place before considering that the main- 
tenance work is complete. 

14. Always keep a suitable fire ex- 
tinguisher at hand and ready for use; 
enforce existing no-smoking rules; in- 
spect fire extinguishers regularly, and 
keep them in good operating order. 

15. Be certain that electrical appli- 
ances are grounded and in good work- 
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ing condition and that sparking will 
not ignite gases or fumes in area; do 
not permit live cords to touch wet 
bodies or clothing or to touch work- 
men Standing on wet surfaces. 

16. Do not permit oily rags to re- 
main lying about after use; put them 
in closed metal containers for disposal. 

17. Review personal-protection stip- 
ulations for are welders (see Sec. 21) 
before attempting such work. 


Refueling Motor Vehicles 


1. Stop the engine before fueling. 
2. Avoid static sparks by inserting 
the hose nozzle firmly in the tank, 
making sure that metallic contact is 
made. Keep a hand on the nozzle 
throughout the entire delivery to pre- 
vent overflow. 
3. Maintain tight connections on the 
hose and nozzle to eliminate all leaks. 
4. Do not permit the tank to 
overflow. 
5. Drain the hose before removing 
the nozzle. 
6. Hang the nozzle securely, and see 
that the cap is placed tightly on the 
tank. 
7. Change clothing immediately, if 
it is saturated with gasoline, to prevent 
possible burns or injury to the skin. 
8. Use only Stoddard solvents or 
some other high flash-point solvent for 
cleaning purposes. 
9. Prohibit smoking in the area 
when delivering or receiving gasoline. 


Grease Pits and Hoists 


In plants without pits or hoists, most 
of the following rules are applicable 
to areas where equipment is greased 
or oiled: 


1. Keep floors, steps, or walkways 
free of spilled oil or grease. 
2. Keep shoes free of oil and grease ; 
do not wear shoes with rubber heels. 
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(Neoprene, or other nonslip substance, 
soles and heels are suitable. ) 

3. Keep under close control tools or 
other objects which might fall on or 
strike passers-by. 

4. Keep hoses, cans, and other ob- 
jects off driveways and walks. 

5. Keep out of danger when guiding 
a car to a hoist or pit. 

6. Do not allow anyone to remain 
in or near the car while it is being 
raised or lowered. 

7. Never shoot the contents of a 
grease gun into the hand or point it 
at anyone. 

8. Take all the time necessary to 
use tools correctly. 

9. Clean tools daily with Stoddard 
solvents or other high-flashpoint  sol- 
vents ; use a wiping cloth frequently. 

10. Keep a hand on the control valve 
while a car is being lowered or raised. 

11. Make certain that the differential 
plate and the front-end plates will not 
strike an obstruction and that no one 
is endangered when the car is backed 
away; when the hoist is in a raised 
position insert a clearly visible safety 
bar or rod through fluted holes to pre- 
vent the hoist from descending. 


Steam and Wash Rack 


Many water works plants do not 
have elaborate areas or apparatus for 
steam or water cleaning of automotive 
equipment. The following rules gen- 
erally apply, however, to both complete 
and temporary or makeshift means of 
truck and other vehicle cleaning : 

1. Fill the coils to the proper level 
before turning on the flame in a steam 
cleaner. 

2. Be certain that the nozzle outlet 
is unobstructed. 

3. Check to see that the hose con- 
nections at the nozzle and the machine 


are secure, 


MECHANICS 943 

4. Provide adequate heat insulation 
at the nozzle handle and along the por- 
tion of the steam hose touched by the 
operator. 

5. Protect eyes and face with a face 
shield or goggles whenever practicable ; 
wear moisture repellent clothing and 
footwear ; check the ventilating system 
to make sure it is properly removing 
the fumes, 

6. Carefully ground the noncurrent- 
carrying parts of a_ steam-cleaning 
machine, 

7. Exercise great care in handling 
and preparing steam- or water-cleaning 
soap or compound to prevent caustic 
burns. 

8. Provide oil-fired cleaners with fuel 
of sufficiently high flashpoint to pre- 
vent accumulations of volatile vapors. 

9. Clean the firebox before ignition 
to prevent flarebacks. 

10. Check the blowoff gage peri- 
odically for proper functioning; after 
the burner flame is turned off, keep 
the water supply on until coils are 
cooled off. 

11. When the steam hose is not in 
use, secure it in its container. 

12. Maintain a periodic inspection of 
steam hoses, especially where acute 
bends occur. 

13. Prohibit horseplay in the area, 
especially with the  steam-cleaning 
equipment. 

14. Remove the coil cover before 
lighting the fire under the coil. 

15. Use a low platform or portable 
scaffold, when practicable, to prevent 
slipping when car or truck tops and 
hoods are being washed or polished. 

16. Watch out for sharp edges when 
using a sponge or chamois. 

17. Do not use flammable solvents 
on the wash or steam racks. 

18. Keep all oily or greasy rags in 
closed metal containers ; practice good 
housekeeping in all other particulars. 
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Jacks 


1, Always make sure that the foot- 
ing is substantial and at right angles 
to the direction of lift. 

2. Center the head to prevent its 
slipping out of place under load. 

3. Protect hands, and particularly 
the knuckles, by placing the jack so 
that there will be a free, unobstructed 
swing of the handle. 

4. Avoid leaning over a jack handle 
while it is under load. (If something 
should give way in the jack, the handle 
may fly up and cause injury.) 

5. Remove jack handles from their 
sockets while jacks are under load so 
workmen will not fall over them or 
knock them out of position. 

6. Secure all jack-lifted loads diag- 
onally with braces or other supports to 
prevent the jacks from tipping over. 

7. Install adequate blocking under 
all jack-lifted loads before attempting 
to work under them. 

8. Use good judgment in selecting 
jacks for a particular job; choose only 
a jack that is safe and strong enough. 


Chain Binders 

1. When chain binders are used to 
secure a load, stand in such a position 
that they are pulled rather than pushed 
to apply tension on the handle, 

2. Protect hands when a_ handle 
breaks over the center. 

3. Do not extend the handle of a 
chain binder; use two binders if 
necessary. 


AWWA SAFETY MANUAL 


Jour. AWWA 


4. Take defective binders out of 
service until they are repaired. 

5. Place binders so that the handle 
does not extend beyond the edge of 
the truck. 

6. Secure the handle in position with 
an approved fastener. 


Truck and Car Tire Inflation 


1. Always set the hand brake and 
turn off the motor before starting to 
inflate tires that are on the wheels 
of a vehicle. 

2. Inspect tires thoroughly before 
inflating ; take extra precautions if there 
are obvious weak spots in the casing ; 
a blowout may cause blindness. 

3. Know and use only the pressure 
recommended for the size and kind of 
tire. 

4. Use a reliable pressure gage. 
(Rough handling can easily throw a 
gage out of adjustment, and in cold 
weather some do not work very well. ) 

5. When tires are inflated off the 
vehicle, lay them flat on the ground 
with the lock ring, if any, on the un- 
derside, keeping the head away from 
the side of the tire. 

6. Where a considerable amount of 
tire inflation is required, consider the 
use of a cage of steel bars to prevent 
hurling of the lock ring when blowouts 
occur. (The bars are placed about 8 
in. apart, and the air hose is inserted 
through them. One end of the cage is 
open for rolling the tire in.) 


Willing Water Says: 


A well planned program assures best 


results. 
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Oftentimes, the difference between good and bad tasting 
water is the correct dosage of AQUA NUCHAR activated car- 

bon, applied at the right place. Using only enough AQUA 
NUCHAR activated carbon simply to reduce the threshold 

odor from 50 to 25 is not sufficient. Plant operators must con- 
stantly strive to deliver a palatable water — which means a 
Threshold Odor of 5 or less. 

Thus, they will accomplish a distinct improvement which can 
be detected by even the layman. Consumers will also be apprecia- 
tive, even though they may not say so, verbally. 

To keep a constant check on the most efficient dosages required, 
as well as the most effective point of application, consult with our 
Threshold Odor Specialists. They will make a complete taste and odor 
survey of your water treatment plant, and explain to your chemist the 
procedures of the Threshold Odor Test. Another feature of their regular 
service will be to check, without obligation, the influences of other chem- 
icals used and recommend how AQUA NUCHAR activated carbon may 
best be employed. 


New York Central Building 
230 Park Ave., New York 17, N.Y. 


Phila. Nat'l Bank Bidg. 


indusirial 


e 
CHEMICAL SALES 35 E. Wacker Drive, Chicago 1, tl. 
division west virginia pulp and paper company 2775 S$. ——) 
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end 2° STYLE .3 METERS 


= MAXIMUM 


No proud father would argue that twins And its lower initial cost gives you a nice saving. 
are as easy to take care of as one. Thai's So why use two meters when one will do the job? 
one reason Neptune Trident Style 3 meters Style 3 meters were the first to feature a spe- 
are recommended in place of compound cial pressure adjustment. In high-pressure lines, 
meters for 14" and 2” service lines. The the outlet of the meter is throttled to prevent 


Style 3 disc meter is accurate down to excep- 
tionally low flows, and handles high flows with 
ease. 

The simpler Style 3 meter maintains accuracy 
longer, and repairs (when necessary) ore easier. 
Modern Style 3 parts fit older meters. There's 
no obsolescence . . . you modernize as you go. 


overspeeding, and in low pressure installations, 
the outlet is opened wide to minimize loss of 
head. 

Proof of the accuracy and efficiency of the 
Trident Style 3 will be found in your own testing 
equipment . . . in lower maintenance costs . . + 
and in increased revenue. 


MEPTUNE METER COMPANY 


NEPTUNE METERS, LTD. 
1430 Lokeshore Rood @ Toronto 14, Onterio 


Bronch Offices in Principal 
American ond Conodion Cities 


i 
TRIDENT | 
LARGE 
: 


And at the end 
of the hottest July in the Northeast’s 
history, beginning an August that is 
already angling for a record of its own, 


The heat is on! 


we're all for an off of it. Not just we, 
either, for right across the river in 
northern New Jersey there is talk of 
imminent catastrophe if the hot weather 
continues and the rains, which were 
all but absent in July, do not show up 
in August. Elsewhere over the na- 
tion, too, the usual hot-weather worries 
are being aggravated not only by more 
heat and less rain, but by more cus- 
tomers who want more water than 
ever before. 

In Jersey something more than just 
“talk” is actually being done about the 
situation, but so far the action has 
been almost all negative—aimed at 
reducing consumption rather than in- 
creasing supply. The positive pro- 
gram, meanwhile, has been backwatered 
by bickering state legislators, reluctant 
not only to pay for the reservoir all 
agree to be necessary, but to accept 
any site that will flood out any of their 
own constituents. Best solution at the 
moment seems to be a site in neighbor- 
ing New York or Pennsylvania, which 
seems just about as likely as gen- 
eral agreement on anything practical. 
Meanwhile, too, nearby New York 
City, luxuriating in its new Delaware 


supply to the extent of boosting con- 
sumption to record highs of more than 
1.3 bgd, is hardly the kind of company 
that misery loves. Even carefree New 
York is beginning to be a little con- 
cerned, however—not about supply, but 
about the delivery capacity to meet 
the unprecedented demand. 

Down in Texas the problem seems 
no less acute, although more appears 
to have been done about it for some 
time. At Dallas, for instance, the wa- 
ter department has been able to keep 
pace with the 58 per cent increase in 
demand during the past 5 years by 
spending $7,500,000 per year to ex- 
pand distribution facilities; and now 
the city is looking forward to more 
than quintupling capacity by the year 
2000. Not just locally, either, but in 
district and regional organizations, 
Texans have been thinking and work- 
ing hard at availabling a larger pro- 
portion of the state’s rainfall, which 
now averages 30 in. per year on the 
rain gages and 4 in. per year on the 
water meters. And even if the Texas 
legislature, too, booted its big oppor- 
tunity in failing to come up with the 
enabling legislation for a $100,000,000 
bond issue to help communities under- 
write the cost of dams and other water 
supply works, it did put through 59 
other laws relating to water supply. 


(Continued on page 36 P&R) 


| 


36 PER 


PERCOLATION AND RUNOFF 


Vol. 47, No.9 


(Continued from page 35 P&R) 


Nationally, too, our legislators are 
beginning to spend a little more time 
and thought—and money—on water 
supply problems. Biggest indication 
was the approval in July of the largest 
program in the nation’s history to in- 
vestigate water supplies—an appro- 
priation of $4,350,000 as the federal 
share of a matching-funds program. 
But the strong support of a bill au- 
thorizing 5-year tax write-offs for wa- 
ter purification plants is another sign 
of the happier times. The write-off 
bill, of course, is aimed specifically at 
helping industry pay for its wastes 
purification plants, but the secondary 
benefit to water works can certainly 
be significant. 

When the heat is on, however—as 
it most certainly is right now—the heat 
is really on the water works man him- 
self and, though he may thank the 
state and federal governments for small 
favors, the problem of providing for 
his customers is still his own. Which 
gets him into no lack of hot water 
anyway. 


Sanitary engineer registration is 
being undertaken by the US Public 
Health Service, at the request of the 
Office of Defense Mobilization. The 
“National Register of Engineers” will 
make available information on trained 
technical and scientific personnel who 
might be needed in time of war or 
disaster. A one-page questionnaire 
which requires only a few minutes to 
fill out has been prepared in coopera- 
tion with Engineers Joint Council and 
the National Science Foundation. The 
questionnaire will be mailed to a list of 
more than 10,000 engineers, compiled 
from professional-association member- 
ship records and other sources. When 
completed, the register will be main- 
tained by the Public Health Service. 


Harry A. Faber, formerly manag- 
ing editor of Water and Sewage W orks 
magazine, has accepted a position as 
sanitary engineering research grants 
officer with the US Public Health 
Service, Washington. Mr. Faber will 
appraise and evaluate sanitary engi- 
neering research at universities and 
other institutions throughout the 
United States, determine areas of need, 
and recommend methods for strength- 
ening research efforts by grants and 
other means. In this capacity, Mr. 
Faber will work closely with the Na- 
tional Institutes of Health, the Robert 
A. Taft Sanitary Engineering Center, 
and other Public Health Service agen- 
cies interested in sanitary engineering 
research. 


The bath as a measure of our stand- 
ard of living had no sooner been dis- 
cussed in these columns last May 
(P&R p. 36) than our friends in West 
Germany were obliging enough to un- 
derline our point almost violently. 
Their strong feelings on the subject 
were aroused when the West German 
Society for Bathing Facilities, after a 
survey, announced that 30 per cent of 
all German houses had no tubs. To 
this “shameful exposure” the public 
objected immediately and vociferously, 
complaining that it pictured the Ger- 
mans as an unwashed people. Not to 
air their dirty 30 in public, then, the 
society turned to a campaign for more 
washbasins in schools and _ factories, 
hoping thus, a little more subtly, to 
make available to the tubless ample 
facilities for washing during the day. 
But a tub in every home remains the 
society's and the public’s obreptitious 
objective. 

At the same time, in Sweden, where 
the standards of both living and bath- 
ing are on a par with our own, the 


(Continued on page 38 P&R) 
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four different water supplies/ ; 
from one water treatment4slant 


by GENERAL FILTER 


@ COOLING WATER for the condensation of turbine steam. 
SANITARY WATER for drinking and sanitation. 

@ MAKE-UP WATER for the boilers. 

© SERVICE WATER for fire protection and general ufility, 


With the system installed one operator con check, alter and control the 
reotment process from o moster control panel... confident of complete 
AERATORS « FILTERS «+ TASTE AND ODOR «+ ALKALINITY 


CONTROL « HIGH CAPACITY RESINOUS ZEOLITE « IRON 
RUST REMOVAL « DEMINERALIZATION . SOFTENERS 


General (Filter Company 


AMES, 


“yours for better water treatment” 


pleted at Algodones, New a 
kilowatts per hour to South- - 
he 
woter treatment plant copable of providing sitable water in suffi- 
cient quantities for four different supplies wos required by the consuilt- 
engineers, 
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relationship has been carried even one 
step further. Recognized throughout 
the world for the progressiveness of its 
social legislation, particularly as it ap- 
plies to the aged and the infirm, 
Sweden has now taken that same solici- 
tude right into the bathroom with the 
development of a special bathtub for 
its elders. Designed to obviate the 
high step in and out and to reduce the 
danger of slipping, the tub has a side 
door, the bottom of which is flush with 
the bottom of the tub. Two easily 
manipulated handles compress the door 
against a gasket around the frame to 
provide a watertight seal during use. 
Thus, not just a tub for every home 
or every bedroom, but the proper tub 
for each. 

Here in the US, meanwhile, the 
TPC (tubs per capita) principle seems 


momentarily to have been twisted 
around to CPT, the “C” in the “T” 
being Marilyn Monroe, whose bubble 
bath in the film version of The Seven 
Year Itch will probably do consider- 
ably more for the bathtub than will 
our theory. Lest you be confused, 
neither her story nor her bath has 
anything to do with schistosomiasis— 
nor, unfortunately, with our standard 
of living. 


Robert J. Koll has been named man- 
ager of the Diamond Alkali Co. Greens 
Bayou Plant at Houston, Tex. Mr. 
Koll has been with the company since 
1945. 


General Filter Co. has opened its 
new office building at 925 Second St., 
Ames, Iowa. 


(Continued on page 40 P&R) 


ELEVATED TANKS 


For almost a century Cole elevated tanks 
have been helping provide uniform wa- 
ter pressure, fire protection and adequate 
water reserve in scores of American cities, 


Capacities 5,000 to 2,000,000 gallons— 
with hemispherical, ellipsoidal or conical 
bottoms. Also flat-bottom tanks for stand- 
pipe storage. Correctly built in accord- 


ance with AWWA specifications. 


We invite your inquiries, 
State capactty, height to bottom, 
and location. 


-D-COLE 


MANUFACTURING CO. 
NEWNAN, GA, 


Established 1854 


~ 
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TO HELP 
CONSERVE 
YOUR WATER 
SUPPLY 


WATER is becoming more 
scarce, more expensive to obtain, 
treat, pump and deliver. 


ae CONSERVATION starts with the ef- 
( — ficient pentnn and delivery of water 


supplies — including meters, meter 
setting and testing equipment. 


THE new Ford Catalog No. 
56 is a water man's "bible". 
It not only pictures and lists 
the latest in meter servicing 
equipment, but it contains 
diagrams and much helpful data for the express pur- 
pose of conserving water through more efficient use 
of meters. It is available on request. Send for your 
copy today. 


FOR BETTER WATER SERVICES 
THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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Walter W. Land: The American 
Water Works Assn. lost a valued 
counselor, and the officers and staff a 
wise friend, by the death of Walter 
Land, the Association’s legal advisor 
for more than 10 years. His death on 
Jul. 23, at the age of 46, brought to 
an end a long period of patient suf- 
fering and courageous resistance to 
the inroads of cancer. 

A native of the State of Washington, 
son of a Congregational minister (still 
living), a graduate of the University 
of Colorado and of Columbia Univer- 
sity, Land maintained a scholarly atti- 
tude throughout his career. He taught 
in law school and served for several 


years as a member of the House of 
Delegates of the American Bar Assn. 

In his home community—Port 
Washington, N.Y.—Land was active 
in civic affairs. He was a county 
Republican committeeman and attorney 
for the Port Washington Water Dist. 

As legal advisor to AWWA, his 
counsel was always well tempered and 
wise. He could be characterized as 
an attorney who advised conference 
rather than litigation, who supported 
strongly the legal position of his client 
but preferred the development of mu- 
tual understanding to a courtroom 
battle. 


The Association and its staff will 


miss him greatly. 


(Continued on page 42 P&R) 


‘Testep 
RECORDED 


Each length of pipe we manufacture passes through the 
above hydrostatic test press where it is filled with water 
and the pressure raised to 500 pounds per square inch. 
The most common water works pipe is designed for an 
operating pressure of 150 pounds per square inch. This 
undergoes the 500 pounds per square inch hydrostatic test 
ond permanent records for each piece of pipe cre kept 
on file for inspection by our customers at all times. You 
can be ossured with Alabama's Super De Lavaud Cast Iron 
Pipe. in sizes of 3’ to 24” in modern long lengths. Bell 
and Spigot, Mechanical Joint and Fianged Pipe. 


ALABAMA PIPE COMPANY 


Genenal Sales Offices 
ANNISTON, ALABAMA 
We Invite inquiries to Our Neorest Soles Office 


120 5. Michigen Ave. 350 Fifth Avenve 
New York 1, Mew York 


a 
ARCO CAB EL suPER DE 
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Electrolytic corrosion is the malignant 
destroyer of buried or submerged me- 
tallic structures and pipelines. Unlike 
the dreaded human malady, it can be 
cured! That’s our business. We are 
“Doctors for Metals” . . . specialists 
who can prevent or cure electrolytic 
corrosion quickly and economically. In 
fact, the cost of a HARCO cathodic 
protection system can be reclaimed 
within a few months... through sav- 
ings in normal maintenance and re- 
placement costs. 


HARCO supplies a complete range of serv- 
ices. Whatever your needs . . . job-engineered 
systerns, contract installations or cathodic 
protection materials .. . ' 

look to HARCO, first in 
the field of cathodic 
protection, Write today 


for catalog 
or call 
MOntrose 2-2080. 


THE HARCO CORPORATION 


CATHODIC PROTECTION DIVISION 17014 BROADWAY CLEVELAND, OHIO 
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E. B. Cottingham has been elected 
president of Henry Pratt Co., Chicago. 
Formerly vice-president in charge of 
production, Mr. Cottingham succeeds 
S. B. Smith, who becomes chairman of 
the board. Other company officers in- 
clude A, C. Johnson, secretary and 
treasurer; W. T. Herren, vice-presi- 
dent—construction ; and W. J. Wool- 
ley, vice-president—sales. 


Well oiled and definitely in need of 
a water wagon these days are the vil- 
lages of Fredonia, Ky., and Medora, 
Ill, Both communities, in need of wa- 
ter works, hired well drillers. Both 
well drillers struck oil—Al Taylor at 
235 ft in Fredonia, A. R. Frank at 
332 ft in Medora. And, given a sec- 
ond chance, Frank could do no better 
than uranium ore. At Fredonia a 


small-scale oil boom is in progress— 
meaning more thirst to quench. At 
Medora, the situation is apparently 
classified. “Happy,” anyway, should 
be the word for both, for to be well 
oiled is to be well heeled should be 
to be well watered. 


Water utility safety will be one of 
the topics discussed at the National 
Safety Congress in Chicago next month 
(see “Coming Meetings,” p. 8 P&R). 
Scheduled speakers at the water utili- 
ties session, Thursday afternoon, Oct. 
20, include: Wendell R. LaDue, chief 
engineer and superintendent, Bureau 
of Water & Sewerage, Akron, Ohio; 
Thomas Allen, safety engineer, Dept. 
of Water & Sewers, Chicago; and 
Milton Bowman, safety director, Cleve- 
land, Ohio, Oscar Gullans, chief fil- 


(Continued on page 44 P&R) 


By REMOTE CONTROL 


From coast to coast, hundreds of LimiTorque 
Controls are in service in water works and sew- 
age disposal plants for automatic or push-button 
operation of valves up to 120 inch diameter. 
Why is acceptance so widespread? Because 
LimiTorque Operators are designed to provide 
dependable, safe and sure valve actuation at 
all times. 

LimiTorque is self-contained and is applicable 
to all makes of valves. Any available power 
source may be used to actuate the operator: 
Electricity, water, air, oil, gas, etc. 

A feature of LimiTorque is the torque limit 
switch which controls the closing thrust on the 
valve stem and prevents damage to valve oper- 
ating parts. 


PHILADELPHIA GEAR WORKS, Inc. 

ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 

New York Pittsburgh . Chicago 
Houston Lynchburg, Va. 


Type SM with Worm Gear 
Drive on R-S Butterfly Valve. 


Send for latest catalog 
L-54 
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For over 40 years HYDRO-TITE has been faith- 
fully serving water works men everywhere. Self- 
caulking, self-sealing, easy-to-use. Costs about 
1/5 as much as lead joints. Packed in 100 Ib. 
moisture-proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form 
—packed in 50 Ib. cartons—2 litters of pigs 
to the box—24 easy-to-handle Littlepigs. 
Easier to ship, handle and store. 


(REELS) 


The sanitary, bacteria-free joint packing. 
Easier to use than jute and costs 
about half as much. Insures sterile 
mains and tight joints. 


HYDRAULIC DEVELOPMENT CORPORATION 


“RF DOING THIS 
WERE 4 
_. ‘WHEN THE FIRST HYDRO-TITE JOINTS 
POURED | 
(POWDER) 
yen 
ag 
(LITTLEPIGS) 
~ 
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tration chemist, Bureau of Water, Chi- 
cago, is listed as the discussion leader, 
and James E. Hickman, safety engi- 
neer, Dept. of Water & Power, Los 
Angeles, will preside. 


Fire Prevention Week is almost 
here again—and again it is a week 
which water works, too, can profitably 
observe. Looking to your own fire 
prevention measures is one way, and 
an important one. But you can also 
make it your week by telling your pub- 
lic about your hydrant installation and 
maintenance policies, by providing in- 
formation on what percentage of your 
facilities and how much, or little, of 
your water are required for fire pro- 
tection, and by discussing the relation 
of the water system to fire insurance 
premiums. Every week is public re- 


lations week, but the week of Oct. 
9-15 can be a special one! 


Robert M. Dixon, managing direc- 
tor of the Municipal Contractors Assn., 
Dallas, has been appointed to a 6-year 
term on the Texas Board of Water 
Engineers and became chairman effec- 
tive Aug. 19, 1955. 


Ben S. Morrow has retired as chief 
engineer and general manager of the 
Portland, Ore., Bureau of Water 
Works, terminating a career of 46 
years with the bureau, the last 30 as 
its head. He is succeeded as chief 
engineer by H. Kenneth Anderson, 
chief civil engineer of the bureau since 
1950. Commissioner of Public Utili- 
ties Nate Boody will function as gen- 
eral manager, at least temporarily. 


(Continued on page 46 P&R) 


1. Less drawdown. 


and durability. 


WHY USE JOHNSON WELL SCREENS? 


2. Greater specific capacity. 


3. Lowest pumping cost per 
million galions of water. 


True economy is measured not by first cost alone, 
butin lowest yearly cost. The JOHNSON WELL 
SCREEN combines an unmatched record of ex- 
perience and dependability with greatest strength 
It is the finest and most truly 
economical well screen in the world. 


EDWARD E. JOHNSON, INC. 
~ well screen specialists since 1904 ~ 


St. Paul 14, Minn. 


thi 
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WORTHINGTON - GAMON 


WATCH DOG 


The meter used by 
thousands of munic- 
ipalities in the U. S. 


“Watch Dog” models 

- made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 


pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 
2% SOUTH STREET, NEWARK 5, NEW JERSEY 


OFFICES IN ALL PRINCIPAL CITIES 
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A hose dive in Downey, Calif., last 
July started a nationwide vermicula- 
tion that has every owner of a plastic 
garden hose locking it up in his attic 
when it is not in use. Leading the 
movement underground was a }-in. 
green plastic “job” with which George 
Di Peso’s daughter was watering her 
garden one evening. Having stuck 
the hose nose into the ground for a mo- 
ment, she found that she could not pull 
it out—and, then, as she became con- 
cerned, that it seemed to be worming 
its way deeper into the ground. Sev- 
eral days and 13 ft later, the Di Pesos 
found themselves world celebrities 
whose every move to exhume their 
refractory water line rated front-page 
headlines. By the time every one of 
hundreds of guests had tried his hand 
and muscle at the task, by the time 


the family car in low gear had failed 
to regain an inch of hose, by the time 
it had hauled the sill cock almost out 
of the wall, Mr. Di Peso was fed up 
with both the hose and the publicity. 
He put an end to both by snipping 
the line off at ground level and letting 
it go to—well, wherever it was headed. 
Meanwhile, either envious of the at- 
tention or acting under the same com- 
pulsion, other hoses elsewhere began 
to follow the one from Downey down: 

At nearby Norwalk, Calif., Calvin 
Barham stuck his hose 2 in. into the 
ground to water the roots of a tree. 
One hour later 2 ft of hose had disap- 
peared and, by the following morning, 
5 ft had engrounded. Barham got to 
the bottom of it all with a shovel, re- 
covering his truant tube from soft, 
but by no means quick, sand. 


(Continued on page 78 P&R) 


M. B. SKINNER COMPANY 
SOUTH BEND, INDIANA 


over 300 ints W 
Gallons. 


Glazed Fire Clay 
TILE FILTER BOTTOMS 


Leopold Duplex Filter Bottoms are getting 
more popular every day. And for good rea- 
sons, too. They last longer, perform better, 
and are unequalled in economy. Want more 
details on this “performance-proved” 
bottom? Write us today. No obligation. 


F.B. LEOPOLD CO., INC. 
2413 W. Carson Street, Pittsburgh 4, Pa. 


SERVICE j 
Skinner Seal Service Saddle for steel, cast | 
iron ond transite pipe. Single massive bolt 
tedey for new catalog. 


Sep. 1955 JOURNAL AWWA P&R 47 


orty, sixtysweven ninetyyears 
continuous service furnish 
> foundation of Ludiow's 
nternational » reputation. 
Nine million Valves ond hy- 
drants by metit-of super- 


performance 


ind exceptionally low 
maintenance--have es- 
tablished the fact that 
no possible difference 
in first cost can over- 
balance the perpetual 
economy of quality. 
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CANADIAN LUDLOW VALVE MFG. CO., LTD., MONTREAL 
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The Reading Meter 


Water Supply Engineering. Harold 
E.. Babbitt & James J. Doland. McGraw- 
Hill Book Co., 330 W. 42nd St., New 
York 36, N.Y. (5th ed., 1955) 608 pp.; 
$8.50 

The fifth edition of this well known 
text and reference work differs from the 
fourth probably more than any earlier 
edition differed from its immediate prede- 
cessor. The inclusion of new informa- 
tion on the latest water works practices 
has been accomplished without increasing 
the length of the book, thus forcing the 
deletion of some older material. Empha- 
sis is placed on design, with information 
given on financing, operation, and man- 
agement primarily as they may affect de- 
sign. The applicability of the book to 
advanced study has been improved by nu- 
merous references to source material. 
Many new tables and illustrations have 
been employed, and the appendix of prob- 
lems has been revised. 


Soft Water in Modern Use. Water 
Conditioning Research Council, 111 W. 
Washington St., Chicago 2, Ill, (1955) 
42 pp.; spiral bound ; $2.50 

Designed to present the advantages of 
soft water to the public, this booklet dis- 
cusses the functional, economic, health, 
and other aspects of the subject in terms 
understandable to the layman, A num- 
ber of tables and maps are included, most 
of the data contained being familiar to 
water works men. 


Gewerbliche und Industrielle Ab- 
wasser. Friedrich Sierp. Springer- 
Verlag, Riechpietschufer 20, Berlin W 


35, Germany (1953) 555 pp.; DM 49.50 
(approx. $11.80 US) 

The effects of industrial wastes upon 
sewage treatment plants and receiving 
streams are discussed in this German- 
language work, but the bulk of the book 
is devoted to specific wastes and the ways 
in which they may be treated. Over 40 
specific industries and countless waste 
products are discussed in detail. 


Steel Structures Painting Manual. 
Vol. 2, Systems and Specifications. Jo- 
seph Bigos, ed. Steel Structures Paint- 
ing Council, 4400—S5th Ave., Pittsburgh 
13, Pa. (i955) 292 $6 (85 to 
AWWA members ) 

The specific recommendations in this 
book are a supplement to the general rec- 
ommendations in Vol. 1 (see February 
1954 JournaL, p. 46 P&R). Surface 
preparation, pretreatment, paint applica- 
tion, paints, and complete paint systems 
are covered. The book takes cognizance 
of applicable standards of AWWA, which 
is represented on the Painting Council. 
A useful index and guide to the selection 
of systems for different conditions is in- 
cluded. 


Municipal Index—1955. American 
City Magazine Corp.,470—4th Ave., New 
York 16, N.Y. (1955) 1,101 pp. (includ- 
ing advertising) ; $10 

The 29th edition of this annual pur- 
chasing guide for municipal officials is 
about 80 pages larger than its predeces- 
sor. As usual, it contains an up-to-date 
roster of town and county managers and 
a list of department heads (including wa- 
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Penn Meters at Turkey Creek Pumping Station. Part of Kansas City 
municipal system under the direction of George W. Brown, Jr.— 
Acting Assistant Chief Engineer and Superintendent. 


THE PENN LINE 
1S COMPLETE FOR 


PENN METERS 


AT KANSAS CITY, MISSOURI 


The first flow meter of Penn’s line was installed 
in the Kansas City water system about eleven 
years ago. Now a total of 59 Penn electric meters 
are recording levels and flows as measured by 
venturis, flow tubes, and orifice plates. Three of 
these meters act as summation units for various 
groups of flow meters, one group involving nine 
individual meters. Recent additions engineered 
by Black & Veatch and Burns & McDonnell 
will bring the total number of Penn Meters to 75. 


HIGHEST REPRODUCIBLE ACCURACY 
distinguishes Penn meters. This accuracy is 
accomplished only by a null-balance, servo- 
powered electric meter. To this unexcelled high 
fidelity of electrical transmission and recording, 
Penn adds the additional refinement of a calibra- 
tion cam. This cam precisely matches the calibra- 
tion of the recorder-totalizer with that of the 
differential producer. The result is “matched 
metering”’ and higher overall accuracy. 


Your correspondence is invited. 


PENN 


DIVISION OF BURGESS-MANNING COMPANY 


MATCHED 
METERING $4102 Haverford Avenue + Philadelphia 4, Pennsylvania 


9 
0° 
MATCHED METERING | te 
DIFFERENTIAL PRODUCERS | 
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ter and sewage works superintendents) in 
cities of 10,000 population or more. The 
book also contains useful and informative 
sections on municipal trends and suppli- 
ers of materials and equipment. The 
bound-in atlas, which furnishes maps and 
1950 population statistics, has been im- 
proved in readability. 


The Chemical Industry Facts Book. 
Manufacturing Chemists’ Assn., 1625 I 
St., N.W., Washington 6, D.C. (2nd ed., 
1955) 160 pp.; paperbound ; $1 

This well illustrated book contains fif- 
teen chapters briefly covering the opera- 
tions of the chemical industry and its 
products and their applications. The 
present volume is 52 pages larger than 
the first (1953) edition, including such 


features as a list of trade associations 
and professional societies identified with 
chemical manufacturing. The book should 
prove a useful source of statistics and 
other general reference data on the in- 
dustry. A teacher’s guide for use with 
the book is available free to educators. 


Water Treatment Handbook. Ltab- 
lissements Emile Degrémont, Box 46, 
Surésnes, France; English edition avail- 
able from Hugh K. Elliott, 20 Harring- 
ton Court, London, S.W.7, England (1st 
English ed., 1955) 468 pp.; $7.70 US 

This well illustrated handbook packs a 
great deal of information and tabular data 
on the various aspects of water treatment 
into its more than 400 4} x 7-in. pages. 
It covers such subjects as water chem- 
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Advantages — 


filters to system. 


removal. 


ment. 


MORE MUNICIPALITIES ARE 
NOW INSTALLING LARGE 


FERROSAND IRON & MANGANESE REMOVAL PLANTS 


for economically removing iron and 
manganese from well water supplies 


1. Completely closed system. No repumping. Direct from wells thru 
2. No aeration, no chemical pretreatment, no settling tank, no sludge 


3. Effluent iron and manganese less than 0.2 ppm. 
4. Simplified operation, non-technical supervision, smal! space require- 
5. Low first cost, low operating and maintenance costs. 
On the market for over 25 years—-hundreds of installations. 
Send for Bulletin FF-1 


HUNGERFORD & TERRY, INC. 


CLAYTON 5, NEW 


| 
= 
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Specify “ROSS” auTomATic VALVES 


FOLLOW THE LEAD OF THE ENGINEERS WHO SPE- 
CIFIED CONTROLS FOR THIS STANDPIPE FOR THE 
“SOUTH PITTSBURGH WATER CO.,” PITTSBURGH, PA. 


WATER LEVEL IN THIS “AMERICA’S LARGEST” 
STANDPIPE IS CONTROLLED BY A 20-inch ROSS 
DOUBLE ACTING ALTITUDE VALVE. 


Pioneers in the manufacture of automatic hydraulic control 
valves. Ross has served the industry since 1879. 


— Valves manufactured — 
ALTITUDE—BACK PRESSURE—FLOAT PRESSURE REDUCING 


— SURGE RELIEF — COMBINATION WITH HYDRAULIC AND 
ELECTRIC PILOT CONTROLS 


ROSS VALVE MANUFACTURING CO., INC. 


P. O. Box 593 Troy, N. Y. 


Is 
_ 
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istry, coagulation and filtration, chemical 
feeding, softening, disinfection, and boiler 
and swimming pool water treatment. Its 
usefulness is somewhat lessened by the 
(necessarily) small type and the perhaps 
excessive references to proprietary equip- 
ment. 


Directory of Commercial and Col- 
lege Testing Laboratories. American 
Society for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa. (1955) 40 pp.; 
paperbound; $1.00 

This directory supersedes US Dept. of 
Commerce, National Bureau of Standards 
Miscellaneous Publication M187. It lists 
commercial and college testing labora- 
tories that will test commodities for ac- 
ceptance or other purposes, in accordance 
with standard specifications. Consulting 


Depend on Cyanamid’s ALUM 


and industrial research laboratories have 
been listed only if it is definitely known 
that they are also engaged in testing on 
a commercial basis. 


Surface Water Resources of Georgia 
During the Drought of 1954. Part 1, 
Stream Flow. M. T. Thomson & R. F. 
Carter. State Div. of Conservation, Dept. 
of Mines, Mining, and Geology, 425 State 
Capitol, Atlanta, Ga. (1955) 80 pp.; 
paperbound ; free 

This report contains stream flow data 
collected by the US Geological Survey in 
Georgia during the 1954 drought for the 
study of minimum flows. Part 2 of the 
report (in preparation) will analyze these 
data and present derived values of drought 
flows and storage needs for unregulated 
streams. 


for good reasons 


1. It feeds uniformly, without trouble, in solid or liquid form. 
2. It has a wide pH range for effective coagulation. 
8. 


It forms floc rapidly. 


4. It gives maximum adsorption of suspended and colloidal impurities. 


5. It causes minimum corrosion of 
6. It is available in granular form 


feeding equipment. 
or in the new easy-to-use liquid form. 


For a copy of ‘‘Alum— Commercial Aluminum Sulfate,’’ please send us your name and 


title on company stationery— and would 


you also mention where you saw this offer? 


AMERICAN Gaanamid COMPANY 


Heavy Chemicals Department 
30 Rockefeller Plaza, New York 20, N.Y. 


Comade: Mort Americas Cpamamid ¢ & 
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WATER WORKS PRODUCTS 


HAYS MANUFACTURING CO. 
ERIE, PA. 
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Functional Design of Cincinnati Tank 

The Hortonspheroidal elevated water tank was developed by Chicago 
Bridge & Iron Company engineers to serve both the functional 
demands of gravity water pressure while enhancing the beauty of the 
surrounding landscape, as shown above in the Western Hills section 
of Cincinnati, Ohio. 


The tank, with a capacity of 2,500,000-gallons, is 68 feet to the 
bottom capacity line. 


CHICAGO BRIDGE & IRON COMPANY 


Plants in Birmingham, Chicago, Salt Lake City and Greenville, Pa. 


BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE LOS ANGELES 
SAN FRANCISCO HOUSTON ATLANTA CLEVELAND PITTSBURGH 


In Canada—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONT. 
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Professional Seruices 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
ms, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
Laboratory For Chemical & Bacteriological Analyses 
Complete Service on Design and Supervision of 
Construction 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK LABORATORIES, INC. 
Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS—TREATMENT— 
CONTROL— RESEARCH 


700 S. B. 3ed St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Worke, Water Purification, Flood 
Relief, Sewage Disposal 


20 North Wacker Drive Chicago 6 


BOGERT and CHILDS 


Consulting Engineers 
Cumwron L. Boozrr Frep 8. Cutips 
Ivan L. Booerr Donato M. Drrmans 
Ropert A. Lincoun Cuarves A. MANGANARO 
Martin 


Water & Sewage Works Refuse Disposal 
inage Flood Control 
Highways and Bridges Airfields 


624 Madison Avenue, New York 22, N. Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Rosert Norris 
Georee E. Lewis Donaup C. May 
Sruart B. Marnarp Homer J. Harwarp 


Waterworks, Sewerage, Electric Power 
500 Wolverine Building, Ann Arbor, Michigan 


Bowe, Albertson & Associates 
Engineers 


Water and Sewage Works 

Industrial Wastes Refuse 

isposal—Municipal Projects 
Airfields—Industrial Buildings 
Reports— Designs— Estimates 
Valuations— Service 


110 William St. New York 38, N.Y. 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 


Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BROWN AND CALDWELL 
Civil and Chemical Engineers 
Water—Sewage—Industrial Waste 


Consultation Design —Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Disrosar— 
Hypravuc DeveLorments 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemica! and Biological Laboratories 


112 B. 19th St., New York 3, N. Y. 
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BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Pifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates— Management 
Laboratory—City Planning 


210 B. Park Way 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations, 


Kansas City 13, Mo. 
P.O. Box 7088 


Phone 
DElmar 4375 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipa! 
and Commercial Buildings 


220 W. LaSalle Ave. South Bend, Indiana 
Central 4-0127 


JAMES M. CAIRD 
Established 1898 
C. E. Curron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply —Sewerage 

Flood Control & Drainage—Bridges 


Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 


351 E. Ohio St. Chicago 11 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 
E. R. Cotton E. M. Pierce 


P. B. Streander G. A. Gieseke 
1. J. Silverstone 


Water Supply, Water Purification 
erage, Sewage Treatment 
Refuse Disposal 


132 Nassau 


P. O. Box Street 
New York 38, N.Y. 


198 
Hyde Park 36, Mass. 


CAPITOL ENGINEERING CORP. 
Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Pa. 


Rochester, N. Y. Dallas, Texas 


DE LEUW, CATHER & COMPANY 


Sewerage 
Highways 
Grade Separations—Bridges—Subways 
Transportation 
Investigations— Reports— Appraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 


Water Supply 
Raiiroads 
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FAY, SPOFFORD & THORNDIKE 


Engineers 
John Ayer Ralph W. Horne 
Bion A. Bowman William L. Hyland 
Carroll A. Farwell Frank L. Lincoln 
Howard J. Williams 
Supply and Distribution — Drainage — Sewerage 
and Sewage Treatment — Airports — Bridges — Turnpikes 


Investigations Reports I Designs Valuations 
Supervision of Construction 
Boston 


New York 
FINKBEINER, PETTIS & STROUT 


Carveron 8. Finksetner Caarves E. Perris 
Harowp K. Srrout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 


Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


GLACE & GLACE, INC. 
Consulting Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Supervision of Construction 
and Operation 


1001 North Front St., Harrisburg, Pa. 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 C and I Life Bidg. 
Houston 2, Texas 


CH-1624 


GREELEY AND HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


S. State Street, Chicago 4 


FROMHERZ ENGINEERS 


Structural—Civil—Sanitary 
Four Generations Since 1867 
Water Supply ; Sewerage; Structures; 
Drainage; Foundations 
Investigations; Reports; Plans and 
Specifications; Supervision 


New Orleans 


WILLIAM F. GUYTON 
Consulting Ground-Water Hydrologist 
Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th St. Austin 1, Texas 


Tel. 7-7165 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 


Water Works—Sewe 
Industrial Wastes—Garbage 
Town 


Investigations & 
Pa. 


Harrisburg, P. 
Pittsburgh, "Pe. Daytona Beach, Fla. 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 
Municipal Problems 
260 Godwin Ave. 

Wyckoff, N.J. 


GILBERT ASSOCIATES, INC. 


Engineers « Consultants « Constructors 
607 Washington St., Reading, Pa. 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 

New York Philadelphia 
Washington Cleveland, Ohio 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 
Water—Sewage & Industrial Wastes— 
Hydraulics 
Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 
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HAVENS & EMERSON 


W.L. Havens 
A. A. Burnorr F 

H. H. Moserey 
F. 8. Patocsay 


Jones 
J. W. Avery 
E. 8. Onpway 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations—Laboratories 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Water Supply and Sewage Works 
Drainage and Flood Control 


Reports, Design, Supervision of 
‘onstruction and Operation 
Appraisals and tes 


122 Bast 42nd Street New York 17, N.Y. 


Vol. 47,No.9 


Leader Bidg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 Security Bidg. Toledo 4, Ohio 
HAZEN AND SAWYER HARRY J. KEELING 
Engineers Consulting Engineer 
Ricnarp Hazen Aurrep W. Sawver Electrical—Mechanical—Corrosion 


Investigations —Reports—Advisory Service 


Mobile radio communication systems ; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 


Cathodie protection 
of buried or submerged metal surfaces. 


1718 Livonia Avenue Los Angeles 35, Calif. 


ANGUS D. HENDERSON 


Consulting Engineer 


Water Supply and Sanitation 


340 Winthrop St. 
210-07--29th Ave. 


Westbury, New York 
Bayside, New York 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricnarp R. Kennepy Rosert M. Kennepy 
Investigation — Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner V. C. Lischer 
H. Shifrin E. E. Bloss 
Water Supply—Airports— Hydraulic Engineer- 
ing —Sewerage—Sewage Treatment—Maunici- 
pal Engineering— Reports 


Shell Building St. Louis 3, Mo. 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Bivd. 
Chicago 4, Ill. 
and Principal Mfg. Centers 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


THE JENNINGS-LAWRENCE CO. 


Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports — Design —Construction 


1392 King Avenue Columbus 12, Ohio 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


Salt Water Problems 
Investigations 
Reports 


New York 17, N. Y. 
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METCALF & EDDY 

Engineers 

Water, Sewage, Drainage, Refuse 

and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 
Statler Building 

Boston 16 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


THE H. C. NUTTING COMPANY 


Engineers Chemists 
Investigations— Reports 
Water Sewage 
Soils — Foundations — Building Materials 
Inspection — Testing 
4120 Airport Rd. Cincinnati 26, Ohio 
2145 N. W. 2nd Ave. Miami 37, Pla. 


Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision o! 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


PACIFIC ENGINEERING 
LABORATORY 


Chemical and Biological Laboratory 
Analyses and Investigations 


604 Mission St. San Francisco 5 


THOMAS M. RIDDICK 
Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th Se. New York 55, N.Y. 
MO Haven 5-2424 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 
Water, Sewage, Drainage and 
Industrial Waste Problems. 


~ Transportation 
New York 6, N.Y. 


Structures — Power 


51 Broadway 


RIPPLE & HOWE, INC. 
Consulting Engineers 
O. J. V. A. Vaseen B. V. Howe 
Appraisals — Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-—23rd St., Denver 5, Colo. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Pirie W. Wuarriock 
Roseart D. Cari A. ARENANDER 
Maccoim Pranie, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 36, N. Y. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 


Industrial —Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fle. 
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Professional Services 


SPECIFICATIONS 
for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
Consulting Engineers 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 


251 Bast High Street Lexington, Kentucky 
Branch Office 
901 Hoffman Building Louisville, Kentucky 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Caroline 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage pos Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 
JACKSONVILLE, FLORIDA 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 


327 S. LaSalle Street Hershey Building 
Chicago 4, Illinois Muscatine, lowa 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 
Civil—Sanitary—Structural 
Mechanica!— Electrical 


Reports, Plans 
Supervision, Appraisals 


1304 St. Paul Se. Baltimore 2, Md. 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges —Highways—Industrial Buildings 
Studies—Surveys— Reports 
245 N. High Se. Columbus, Ohio 


WILLING WATER 
Public Relations Consultant 


Willing Water cartoons available in low-cost 

blocked electrotypes and newspaper mats for 

use in building public and personnel good will. 
Send for catalog and price list 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 
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eading primory producer of Sodium Fluoride 
; and Sodium Silicofluoride (sole producer of Sodium 


@ Polyphos), Blockson provides a dependable high 
; BIOCKSON purity source of supply for the water works trade. 
x SAMPLES AND DATA ON REQUEST. é 
BLOCKSON CHEMICAL COMPANY 


Division of Olin Mathieson Chemico! Corporation 


KSON 
| di | d 
Silicof] 
U : 
Sodium Polyphos  & 
of standardized composition: specified for all a 
water treatment application® indicating 3 
Sodium HexometaphosPhare or Sodium Tetraphosphote 
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Condensation 


CONDENSATION 


Vol. 47, No.9 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °'47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr.—Corrosion; IM—Institute of Metals (Great Britain); PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


DISINFECTION 


Preliminary Investigations With a “Steri- 
lit” Experimental Filter Used for Drink- 
ing-Water Disinfection. 
Braune. Gesundh-Ing. (Ger.), 75:15 (54). 
Silvered granular filtering material pre- 
viously tested on lab. scale under artificial 
conditions proved successful when tested for 
9-month period on natural hard water hav- 
ing bact. count occasionally ranging over 
10*/ml. Escherichia coli reduced from peaks 
of 500/100 ml to less than 100/100 ml. App. 
of 10-1 capacity was used, and disinfecting 
effect was rapid and lasting. Contact time 
of at least 4 min, removal of flocculant and 
org.,material prior to treatment, and regular 
backwashing are recommended.—C A 


Bacteriological Studies on the Effect of 


Chlorine for the Disinfection of Water. 
L. Popp, Gas- u. Wasserfach (Ger.), 95:100 
(54). Surviving organisms were counted 
12 sec-60 min after mixing of organisms 
(mostly Esch. coli) with chlorine. At same 
time free available chlorine (after 30-sec 
contact) and combined available chlorine 
(after 5-min contact) was detd. with o- 
tolidine. Many tests were made using chlo- 
rine contents up to 0.6 ppm from various 
chlorine sources and at different pH and 
bact. loads up to 10° organisms per ml. It 
was found that reduction of organisms does 
not follow exponential law but occurs in two 
steps. First step is rapid reduction of or- 
ganisms, lasting about 12 sec, and is called 
primary drop in organisms. This is fol- 
lowed by secondary slow reduction of or- 
ganisms. These two steps are independent 
of source of chlorine but first step is more 
marked if high-chlorine soln. is used relative 
to no. of organisms and also if chlorine is 
added to suspension rather than suspension 
to chlorine soln. Primary drop in organisms 
is also greater at low pH, between pH 7.5 and 
pH 10 it is small. Killing action of chlorine 
is used up during initial contact period. Re- 
infection causes only small primary drop in 
organisms. Free available chlorine detd. 


after 30 sec of adding o-tolidine is measure 
of bacterial killing power, which 5-min 
reading does not give. In tests with water 
contg. 1 ml/I sterile milk, 2-ppm chlorine 
dosage reduced free available chlorine in 
30 min to 0.15 ppm. Injected at that time 
chlorine has little killing power. Tentative 
explanations are: In primary drop of or- 
ganisms there is exponential function of 
monomolecular action of HOCI molecules 
in statu nascendi. Later-formed combined 
available chlorine is less active and slower. 
Chlorine has to contact critical part of bact. 
body. Much of chlorine may form protec- 
tive layer as later addn. of chlorine do 
not produce strong primary drop. Similar 
tests should be made in other labs.—M. Suter 


Experiments on the Disinfection of Drink- 
ing Water with Ultraviolet Light. B. 
Scumint, I. & W. Z. Hyg. 
u. Infektionskr. (Ger.), 139:505 ('54). 
Many communities in Germany are not yet 
provided with bact. pure water and fact that 
German population does not readily accus- 
tom itself to use of water which has been 
chlorinated (in places where chlorination 
is practiced, it is not followed by any pos- 
sibly needful method of dechlorination) 
renders it desirable to investigate other 
methods of sterilization. In expt. described, 
2 types of mercury vapor quartz lamps 
were tested for bactericidal efficiency: 
“Stevar” appliance made by Swiss firm and 
quartz lamp made by Hanau company. In 
former, water to be treated flows through 
app. at velocity of 500 |/hr, and in latter 
water remains in quiescent contact with ul- 
traviolet light for 5 min. General results 
were that both lamps were efficient with 
artificially polld. clear water but not with 
polld. natural river water. Examn. of river 
water showed that thickness of 1.0 cm al- 
lowed penetration of only 30% of rays of 
wave length of about 254 my, which are 
most bactericidal. It follows that waters 
to be sterilized by ultraviolet light must be 
adequately clarified before exposure —PHEA 


(Continued on page 64) 
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you 
met 


Mr. Contrilike 


If not, you should! He can do and tuberculation . . . increasing 
things for you . . . like making flow capacity .. . reducing 
your job easier and saving you leakage .. . slashing pumping 
money. He’s a versatile and costs ... and adding years and 
somewhat ingenious many-armed years of pipe life. If you'd like 
creature who specializes in to learn more about Mr. 
cement-mortar lining the inside Centriline and how he can 
of pipes. And he’s done this work for you, just write or 
to over 4 million feet of pipe, call for one of our descriptive 


too—eliminating corrosion brochures. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 
140 CEDAR STREET Branch Offices in Principal Cities 


of the United Stotes, 
Canade and Latin America 
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Experiments on the Quantitative Deter- 
mination of the Lethal Activity of Chlo- 


rine and Ozone on Esch. coli. G. Brina- 
MANN. Z. Hyg. u. Infektionskr. (Ger.), 


139:2:130 (54). In order to study action of 
chlorine on Esch. coli under controlled and 
constant conditions, washed organisms were 
suspended in 1 | of phosphate buffer, and 
viable counts of this suspension were made at 
intervals after addn. of chlorine. Effects of 
chlorine conen., bact. concn. and temp. were 
studied; observations were also made on 
diminution of free chlorine content resulting 
from combination with bacteria; results pre- 
sented graphically. In similar expts. with 
ozone, bacteria were killed so rapidly that 
process could not be followed in same way. 
It is suggested ozone must have mode of 
action different from, and less specific in its 
combining site than, that of chlorine —BH 


The Effects of Ultraviolet Irradiation on 
Large Populations of Certain Waterborne 
Bacteria in Motion. II. Some Physical 


Factors Affecting the Effectiveness of 
Germicidal Ultraviolet Irradiation. J. R. 
CorTELyou et AL. Appl. Microbiol., 2:269 
(Sep. '54). Paper is concerned chiefly with 
investigation of germicidal efficiency of Gen- 
eral Electric Co. G4T4/1 lamp when em- 
ployed in unit previously described by same 
authors. Broth suspensions of Esch. coli 
were used to inoculate water samples; in 
70% of samples treated, counts were in ex- 
cess of 1,000,000 organisms/100 ml. In all, 
201 contamd. water samples were irradiated 
with varying intensities and it was found that 
sterilization was achieved with ultraviolet 
light intensities of at least 650 mw/sq ft at 
27” in air from lamp center. Such factors 
as ambient temp. and voltage fluctuations 
cause reduction of intensity, but quartz en- 
closure surrounding ultraviolet lamp mark- 
edly decreases temp. effects on output. 
Available intensity of ultraviolet light is af- 
fected by transmitting medium, and waters 
have differing absorption factors depending 
upon their qual. Effect of age of lamp is 
also discussed; natural decrease in lamp in- 


(Continued on page 66) 


DIVISION OF 68B-I-F 


Builders DALL Flow Tubes 


Der” 


@ Use Dall Tubes when you need 
compact, minimum-cost installations: 
Caverage laying length only 1¥2 
times line size). 

@ Use Dall Tubes when you need sus- 
tained metering accuracy: (smooth 
tapered throat is self-scouring, 
dimensionally stable). 

@ Use Dall Tubes when you can’t 
afford head loss: (highest pressure 
recovery of any velocity-increasing 
differential producer). 

@ For complete details write for Bulle- 
tin 115-L1. Builders-Providence, Inc., 
365 Horris Ave., Providence 1, R. 1. 


BUILDERS-PROVIDENCE 


INDUSTRIES, 


INC. MeETERS 
SUILOERS (ROM FOUHORY FROFORTIONEERS, IHC. © OMECA MACHINE CO. FEEDERS 


CONTROLS 
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M-SCOPE 
PIPE FINDER 


THE NEW POLLARD CATALOG LISTS 
HUNDREDS OF MODERN PRODUCTS 
DESIGNED TO MEET YOUR EVERY 
REQUIREMENT. 


PIPE LINE EQUIPMENT Place your nent ender with POUARD 


POLLARD NEW HYDE PARK + NEW YORK 


8 1064 Peoples Gas Building, Chicago, Iilinois 
333 Candler Building, Atianta, Georgia 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 


Quality 
Dependability 
for Economy 
Delivery 
Service 
DIAPHRAGM PUMPS|| MELTING FURNACES|] JOINT RUNNERS || CALKING TOOLS | 
| | 
Be. 
| 
i | / i 
| 
| | | 
| | | | 
| = = 
— | | | 
| | 
MANHOLE CUSHION|| PIPE CUTTERS  |||SEWERCONNECTIONS|| _| 
POLLARD 
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tensity will occur as function of burning 
time.—BH 


Disinfection of Water by Solid Com- 


pounds of Hydrogen Peroxide. M. Por- 
ster & Z. Bocnorax. Ceskoslov. Hyg., 
Epidemiol., Mikrobiol., Imunol. (Czech.), 3: 


291 (54). Owing to difficulties met when 
using HsOs, addn. salts (1) of HeOe with 
Na carbonate were tested. They caused min. 
denaturation of water, were easy to apply, 
and were not poisonous. To achieve perfect 
effect, however, comparatively large quant. 
of I and long period of contact are neces- 
sary; salts have limited stability. Efficiency 
of I is enhanced by Ag salts and stability by 
silica gel.—CA 


Disinfection of Water by Ozone. H. 
GUBELMANN & H. Monatsbull. 
Schweiz. Ver. Gas- u. Wasserfachm. 
(Switz.), 33:53, 99 (’53). Authors discuss 
literature on exptl. and practical use of ozone 
in disinfection of water, illustrating discus- 
sion with diagrams of various plants and of 


plant at Martikenfelde used in expts. 2 
forms of app. for adding ozone to water were 
used in expts.: contact tower in which ozon- 
ized air was passed, in counter current to 
water, at pressure of about 4 atm., and pres- 
sure chamber into which ozonized air was 
blown at pressure of about 1 atm. Results 
of bact. investigations, amts. of ozone re- 
quired, and costs of ozone production at dif- 
ferent plants are discussed. Authors’ expts. 
were on tech. scale, using 2,642-7,878 gph of 
water ; same spring water was used through- 
out. Expts. were planned to det. amt. of 
ozone required to ensure a bact. satisfactory 
water, to detd. best process of production of 
ozone and of mixing ozone and water, and 
to exam. costs of process. Yield of ozone 
from air varies with moisture content of air 
if this exceeds 1 g water/kg air. Moisture 
can be removed by absorptive materials, by 
supercooling, or by compression. Authors 
used supercooling to reduce moisture to 
about 0.13 g/kg. Recently designed plant 
intended to avoid necessity for drying air is 
described and discussed. General design of 
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ye GA VALVES 


are Especially Designed for 
' MUNICIPAL WATER WORKS SYSTEMS 


FIG. NO. 73-0 
marvel vave SOLENOID-OPERATED VALVE 

FIG. NO. 173-0 
‘ ELECTRIC CHECK VALVE PumP 
3 PRESSURE 
TIME CLOCK SWITCH 


FIG. NO. 25-D 
SWING CHECK VALVE 


Our complete 
technical catalog 
is available 


ka on request 
. write for 
K it TODAY! 
OLDE. 
NDERSON Vatu Srecia 

1221 RIDGE AVENUE 33, PA. 

DESIGNERS AND MANUFACTURERS OF VALVES FOR AUTOMATION 


TANK 
| | NORMAL WATER 
SUPPLY 
DISTRIBUTION SYSTEM FIG. NO. 66-D 
> SURGE RELIEF VALVE 
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Consulting Engineer L. W. Veigel 
SPECIFIES 


COATINGS 


throughout new 


2.mMGD WATER WORKS, 


: Dickinson, North Dakota 


} Torex® Enamel, in Sea Green No. 304, protects sub- 
a merged surfaces of filter beds against water and 
water treatment chemicals. Photograph shows 
E. A. Tschida, Plant Superintendent, 

SPECIFICATIONS 


. checking filter valves. 
FOR TOREX ENAMEL: 


A glossy, chlorinated natural 
rubber-base coating . . . fade-resistant. 
For submerged surfaces of concrete and steel 
in water works. 


Concrete Surfaces: 
Colors: Color Chart 560. Neo. of coats: One TOREX Enamel over one 
TOREX Undercoater. Coverage: 250 sq. ft. per gal. per coat. Approx. mil 
thickness per coat: |.0. Drying time: 24 hours between coats; 7 days before 
submerging. Primer: TOREX Undercoater. Thinner: Inertol Thinner 2000. Application: 
Apply to etched concrete. Brushing: As furnished. Spraying: Add sufficient Inertol 
Thinner 2000 (10 to 50%). (Write for TOREX steel-surlace painting specifications.) 


@ In addition to ToRExX ENAMEL, Consulting Engineer Veigel specified: coior- 
ful RAMUC® UTILITY ENAMEL, chlorinated natural rubber-base, for nonsub- 
merged masonry; GLAMORTEX® ENAMEL, Mar-resistant alkyd, for nonsub- 
merged metal to be painted in color; rvertot No. 49 Thick, long-wearing 
asphaltic coating, for subme:ged metal where black bituminous paint is 
suitable. 

Inertol coatings have met the requirements of hardness, elasticity and 
chemical inertness in water works throughout the country. That’s why 
Mr. Veigel chose them for the city of Dickinson, a growing farm and mining 
community with a prosperous future. 

Buy Inertol paints direct from the manufacturer. Shipment within three 
days from our plant, or from nearby warehouse stocks. For full information 
about Inertol coatings, write today for free “Painting Guide.” 

Ask about Rustarmor,” Inertol’s new hygroscopically controlled rust-neutralizing paint. 


INERTOL CoO., Inc. 


A COMPLETE LINE OF QUALITY COATINGS FOR SEWAGE PLANTS & WATER WORKS 


7 484 Frelinghuysen Avenue 27 G South Park 
Newark 5, New Jersey San Francisco 7, California 
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plant for production of ozone is described 
and voltage and frequency of required alter- 
nating current are discussed; figures are given 
of power requirements of different existing 
plants. Data are given on soly. of ozone 
in water and methods of obtaining highest 
possible transfer of ozone from air to 
water are discussed. Effects of mixing by 
contact tower, pressure chamber, and indi- 
rect systems, by which part of the water is 
ozonized to relatively high concen. and then 
added to main flow, are discussed and illus- 
trated by diagrams. Costs of ozone produc- 


tion, air drying, and mixing are given. Re- 
sults of expts. show important effect of 
qual. of water; most unfavorable results 


were obtained when raw water contained 
sludge. Bacteria remaining after treatment 
were harmless resistant types of spores natu- 
rally present in original water. For water 
used, it was found that plant producing 1 g 
ozone/cum water would be sufficient to give 
margin of safety; on yearly avg, water, if 
filtered before treatment, would not require 
more than 0.5-0.6 g/cum. Ozone production 


(Continued on page 70) 


6 Reasons why 
PALMER SURFACE 


WASH SYSTEMS 


are specified by 


water works engineers 
1. Prevent Sand Beds From Cracking. 
2. Eliminate Mud Balls. 
3. Save Wash Water. 
4. Lengthen Filter Runs. 
5. Higher Rates of Filtration. 
6. Better Tasting Water. 


PHONE, WIRE OR WRITE 
TODAY FOR INFORMATION 


ART corporatio 
16 N. CHARLES ST., BALTIMORE 1, 


CONDENSATION 


Vol. 47,No.9 


without air drying was found uneconomic. 
Total cost of construction, equipment and 
operation are caled. for several types of 
plant. Costs varied from 356 Swiss francs 
to 606 Swiss franes/ozone/hr in commercial 
systems with yields of 500 g and 1,000 g/hr. 
In discussion, experiences from several other 
supply and exptl. plants were given.—WPA 


Bactericidal Studies of Chlorine. R. S. 
Incots ET AL. Ind. Eng. Chem., 45:996 
(53). Studies made to det. nature of oxi- 
dation product of cysteine and other common 
amino acids with hypochlorous acid, mono- 
chloramine, and chlorine dioxide and to 
evaluate the importance of the various 
mechanisms in bactericida) effects of chlo- 
rine compounds in disinfection of water. It 
appears that effectiveness of hypochlorous 
acid and chlorine dioxide as bactericidal 
agents is due to irreversible reaction with 
sulphydryl radical of bact. enzymes. Mono- 
chloramine is less effective disinfectant, re- 
quiring higher residual concn. and longer 
period of contact for complete destruction 


1028 Connecticut Ave., N. W. 


WASHINGTON 6, D. €. 


= SODIUM 

(Fluosilicate 
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12 by 12 List 340 Check Valve, Manchester, N. H. 


Rensselaer 
CHECK VALVES 
Clearway - Quiet Closing-Non-Slam 


Heavy slams can cause damages of explosive proportions. 
Modest slams may throw piping out of alignment and cause Increasing type with 
serious leakages. flange ends 

The Rensselaer non-slamming check valve illustrated is low 
cost permanent insurance against slamming. It is a clearway 
valve with the gate normally completely out of the line of 
flow. Head losses are low. 

As the velocity at the pump discharge decreases on pump 
shut down, the lever arm and adjustable spring force the 
gate toward its seat. At the instant of zero velocity, the gate 
is on its seat and slamming has been entirely eliminated. 

Rensselaer non-slamming check valves are made in sizes up 
to 30 by 30 inches. Standard check valves up to 60 inches 
for locations where slamming is not anticipated. High pres- 
sure valves up to 400 ibs. W.P. and 24”. Ask for Catalog 
No. E. 106B 


Rensselaer vatveco. 


SALES REPRESENTATIVES IN PRINCIPAL CITIES 


Division of The Ludlow Valve Manufacturing Co., Inc. 
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of bacteria, as it does not immediately oxi- 
dize sulphydryl radical to irreversible form. 
It is suggested that failure of cysteine to 
restore bact. activity is due to changes in 
bact. enzyme systems other than sulphydryl 
group.—W PA 


The Penetration of Ultraviolet Radiation 
and Its Effects in Waters. R. C. Hoatuer. 
J. Inst. Water. Engrs., 9:191 (’55). Ultra- 
violet radiation was used on different depths 
of water, and the results of action on coli- 
aerogenes was studied. Effect of natural 
ultraviolet radiation on microscopic forms of 
life was also considered. Efficiency of lamp 
varies with qual. of water and distance. 
With app. at present available, cost seems 
too high and would compare unfavorably 
with chlorination, but advantages may be 
considered in appropriate circumstances.— 
CA 


AQUATIC ORGANISMS 


The Importance of Algae to Waterworks 
Engineers. J. W. C. Lunp. J. Inst. Wtr. 


Engrs. (Br.), 8:497 ('54). Richness in 
algae of reservoir or lake could generally 
be related to surface geology of catchment 
area and land utilization. Water rich in 
plant nutrients, such as sewage, favors pro- 
lific growth of algae. These broad prin- 
ciples were known 25 yr ago, when Fresh- 
water Biol. Assn. was formed, and progress 
since then has consisted of increases in de- 
tailed knowledge. Many factors concerned, 
and their correlation with time, are consid- 
ered, reservoirs may alter with age, and 
effect of aging may result in troublesome 
algal growths. 3 main changes occur, sep- 
arated by long or short periods. Algae 
may become abundant and species may 
change. Lower layers of water and mud 
remain aerobic. Lower layers may become 
periodically anaerobic, when thermal strati- 
fication exists, as in summer, or under ice 
in winter. Algae become abundant, as in 
Lake Windemere. Higher degree of anaero- 
biosis during thermal stratification period 
leads to permanently stratified water by 
making deepest soln. so coned. as not to mix 
with water—chemically produced density 
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KLETT SUMMERSON 
PHOTOMETER 


Adaptable for Use in Water 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


Analysis 
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Cochrane solids-contact reactor 


for municipal use 


Inaddition to water softening, Cochrane 
Solids-Contact Reactors are used for 
clarification of surface waters for re- 
moval of suspended solids, turbidity, 
color, taste, odor; coagulation and re- 
duction of alkalinity ; removal of silica: 
removal of fluorides, etc. 

Design of Cochrane Solids-Contact 
Reactors provide more completely 
treated water, faster, and at less cost 


Cochrane 


CORPORATION 


3124 N. 17th Street, Philadelphia 32, Pa. 


| COCHRANE CORPORATION 


than conventional methods of reaction 
and settling. High slurry strength in 
the reaction zone results in optimum 
catalytic effect ; large sludge concentra- 
tors result in minimum waste water; 
automatic desludging saves time and 
labor; chemical savings are impressive. 

For complete details of Cochrane 
Solids-Contact Reactors, write for Pub- 
lication 5001-A and reprints on Reactors. 


100.17 


3124 N 17th St., Philo 32, Pa. 


Send me Publication 5001-A on Cochrane Solids- 
Contact Reactors 


Representatives in thirty principal cities in U.S, Toronto, Nome vite 
Canada; Mexico City, Mexico; Paris, France; Havana, : 
Cuba; Coracas, Venervela; Son Juan, Puerto Rico; Firm 
Honolulu, Hawaii; La Spezia, Italy. 
Pottstown Metal Products Division, Pottstown, Pa. Address 
Custom Built Carbon Steel & Alloy Products ac” Zone Stote 
Deminéralizers . Hot Process Softeners Het Zeolite Sottoners . Dealkolizers 
Reectors + Deserstors +  Continvevs + C-BSystems + Specieitios 
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change. In this stage, algal blooms are 
frequent and often offensive, as in Lake 
Zurich, Switzerland. Causes of algal pro- 
duction: Production is directly related to 
nutrient supply. Phosphate concn. shows no 
variability which can be related to rise and 
fall of large algal growths, but addition of 
phosphatic fertilizer alone is often followed 
by increase in algae. Possible explanations: 
when phosphate is added, equivalent amount 
of positive ions also added—usually calcium ; 
addn. of phosphorus has indirect effect— 
due to interaction with substances or other 
organisms; addn. of phosphate leads to 
changes in algal flora; effect of increase in 
phosphorus may be due to adsorption on 
colloids in surface deposits, thus forming an 
equil, with that in soln. In deep water, 
amt. of illumination limits growth—algae 
grow in illuminated margins. Shallow wa- 
ter has larger area, and turbulence results 
in disturbance of surface deposits. Projected 
survey of British flora of fresh-water algae 
and its practical use in enabling plankton 


changes in reservoirs to be recorded is men- 
tioned. Utilization of nitrogen: Similar ar- 
guments prevail for nitrogen and other essen- 
tial nutrients. Blue-green algae are often 
troublesome as “blooms,” especially in sum- 
mer and early autumn. These often have 
distinctive odors and tastes. During growth, 
inorganic nitrogen is often present only in 
small amts. but cells have more nitrogen 
than other types. From pure culture work 
in inorg. solns., nitrogen fixation appears 
unlikely, growth needing a nitrate supply 
and high pH. It is suggested that when 
blooms are produced, they are not actively 
growing, and may exist for prolonged pe- 
riods in light under conditions of nitrogen 
starvation. Another possibility may be that 
bacteria in algal sheaths transform atmos- 
pheric or organic nitrogen for algae. Big 
blooms may be due not to growth, but to 
sp. gr. of algae which rise to surface 
due to gas vacuoles. This is supported by 
bloom destruction by wind. High pH val- 
ues due to photosynthesis may also lead to 
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LOOK TO 
DeZURIK 


for 


AUTOMATIC 
CONTROL VALVES 


DeZurik Easy-Operating Plug 
Valves with positioning type air 


or hydraulic operators represent the finest in 
automatic valving. They operate with top effi- 
ciency on any line-—-including high pressure 


services ! 


DeZurik Automatic Control 
Valves feature: 
istics 
. . straight-thru flow 
. sizes from 1/2” thru 20’ 
- most castable metals 
AND they’re attractively 
priced! 


DeZurik Automatic Control Valves are FRICTION FREE because of their 
exclusive eccentric action; they require no lubrication ....need only an abso- 


lute minimum of maintenance .... and they DON’T LEAK! 
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Cross Section Type M Pump. This construction is 
used, with minor variations, in all sizes 4” and larger. 


Group of Double Suction Pumps ready for 
installation in municipal water works, 


Proof 


YOUR PUMPING PROBLEMS 
with WHEELER-ECONOMY PUMPS 


This cut-away section of a Wheeler- 
Economy Type “M” Pump shows en- 
gineering that means around-the-clock, 
around-the-calendar performance .. . 
peace of mind for the men in charge. 
Longer life and less maintenance work 
results from these important features 
... The method of supporting the rotor 
between outboard bearings with end- 
thrust practically eliminated .. . hori- 
zontally split casing with all pipe con- 
nections in lower half so that rotating 
parts can be removed without disturb- 


ing connections or pump alignment... 
Inlet designed to reduce leakage and 
friction losses ... Double-bearing con- 
struction provides for longer packing 
life... Low pressure stuffing boxes. .. 
Wearing parts readily renewable. 


To insure correct application for your 
municipal or industrial project, 
Wheeler-Economy offers specialized 
engineering service as well as a wide 
selection of pump sizes and cases. 
Write for CATALOG A-1052. 


WHEELER-ECONOMY PUMPS 


ECONOMY PUMPS. INC 


» DIVISION OF CH WHEELER MANUFACTURING CO 


19TH AND LEHIGH PHILADELPHIA 32. PA 
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mass destruction, causing taste and odor in 
water. Other nutrients: Various inorganic 
nutrients, including trace elements, are now 
being studied at Biol. Assn. 
Most algae photosynthesize and do not re- 
quire org. compds. for energy supply, but 
may need minute amts. for metabolic proc- 
esses. Sewage is rich in such remnants 
of bact. or fungal decomposition. Control 
of algal growths: State of reservoir will 
only alter if water entering it alters. Large 
inflow determines nature of deposits and 
algae. Deterioration in Swiss lakes is 
largely related to human activities. Winde- 
mere is unsuitable as reservoir because of 
undesirable changes which have been occur- 
ring in last 25 yr. Ideal site for reser- 
voir is in mountains, provided conditions are 
not too calcareous; it should be large and 
deep. If only lowland sites are available, 
those with poor soils in catchment area 
should be selected. Depth area should not be 
big enough to allow thermal stratification, 
but not small enough to encourage algal 


Freshwater 


growth. If this is not possible, retention 
times should be as short as possible, or treat- 
ment plants should be set up to deal with 
algal growth. Algal growth, however, rarely 
exceeds 2 divisions/day. It is suggested 
that mechanical shading may be used to 
control algal growth. Another useful line 
of investigation is mentioned—control by 
organic and metalo-organic compds. Re- 
sults of Fitzgerald and Skoog in this field 
are referred to toxic effects of 2-3 dichloro- 
naphthoquinone in certain concns. on blue- 
green types—PHEA 


Studies of the Viability of Histoplasma 
capsulatumin Tap Water. C. Ritter. Am. 
J. Pub. Health, 44:1299 ('54). Expts. 
have been made to study viability of Histo- 
plasma capsulatum in sterilized tap water 
stored at temps. corresponding to water 
temps. in nature. Survival was demon- 
strated by cultural means and confirmed 
by animal inoculation in water inoculated 
with yeast phase and stored at 4°C for 
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coagulating 
with 
Activated 
Silica Sol? 


use 
N Sodium Silicate 


@ Whatever your reacting chemical or process, choose reliably uniform 
N_ Silicate (Na,0:3.22 Si0,, 41° Be.). You can be sure of the same 


performance day after day. 


Convenient deliveries in tankcars or drums from Anderson, Ind.; 
Baltimore, Md.; Buffalo, N. Y.; Chester, Pa.; Jeffersonville, Ind.; Kansas 
City, Kans.; Rahway, N. J.; St. Louis, Mo.; Utica, Ill. Distributors’ 


stocks in over 65 cities. 


Samples, jar test information and prices sent on request. 
Philadelphia Quartz Co., 1142 Public Ledger Bidg., Philadelphia 6, Pa. 


N-Sol Processes 


sil- 
icate are licensed with- 


PQ SOLUBLE SILICATES gut royalty. 


J 
| 


When water works officials se- 
lect a water meter, they look 
for uniform performance, accu- 
rate registration and low 
maintenance cost. 

These three features and 
many more are always found in 


HERSEY 
WATER METERS 


Another advantage that comes 
in dealing with Hersey is the 
service and advice based on 
over 69 years in the water 
meter business. To make this 
service readily available, well 
equipped Branches are located 
in the larger key cities where 
experienced water meter men 
are ready to serve you. 


HERSEY 


MANUFACTURING 
COMPANY 


SOUTH BOSTON, MASS. 


BRANCH OFFICES: 
NEW YORK — PORTLAND, ORE. — PHILADELPHIA 
ATLANTA — DALLAS 
CHICAGO — SAN FRANCISCO — LOS ANGELES 
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621 days and at 20°C for 550 days. Sur- 
vival was demonstrated by cultural means 
after 306 days at 25°C, 95 days at 34°C, 
and 62 days at 37°C. No viable cells were 
recovered after 3 days at 45°C. Survival 
after 421 days was demonstrated by cultural 
means in water inoculated with mycelial 
phase and stored at 4°C; after 217 days at 
20°C; 245 days at 25°C and 34°C; and 269 
days at 37°C. There was no survival after 
3 days at 45°C. Quant. counts of col- 
onies developing on artificial media are 
higher from water held at 20°C and 25°C 
i than at other temps. H. capsulatum has 
been shown to survive alternate freezing 
4 and thawing for 198 days, and to survive in 


DRILL WITH 
SPINKS 


FOR HIGHER CAPACITY WELLS 


€ triple-distilled water for 28 days. Evidence 
7 of conversion from yeast to mycelial phase 
& and of growth of mycelial phase in water is 
presented.—PHEA 


Effect of Standard Water Purification 
Processes on the Removal of Histoplasma 
| capsulatum From Water. F. Merzter, 
C. Ritrer & R. L. Cute. Am. J. Pub. 


Health, 44:1305 (’S4). Processes of co- 
SPECIAL MUDS MINED 


agulation and sedimentation, rapid sand fil- 


AND PROCESSED FOR | tration, and chlorination as practiced in 

| treatment plants for surface waters have 
WATER WELL DRILLING! 4 been applied in laboratory to samples of 
, river water or tap water sterilized and in- 
oculated with mycelial phase of H. cap- 


* 


@ SPINKS Gleason—easy-mixing; washes 
out of water bearing formations 


k uickly! Makes heavy mud in 9.5 Ib. sulatum., Sedimentation experiments showed 
3 o 10 ib. range; stops unconsolidated that settling of either natural turbidity in 
formation cave-ins! Excellent lub- 


rication properties; proper viscosity 

for removing cuttings quickly, thor- 

oughly! | sacked in water- 
» repellent asphalt | bags! Con- 
venient 50 size. 


water or floc produced by coagulation with 
alum concentrated majority of spores in 
sediment. Model rapid sand filter did not 


SPINK-Gel h yielding, finest qual- ect > re ithe 
ity Wyoming high yielding, fir effect complete removal of either yeast or 
: loss! Exceptional lubricating quali- ~— | mycelial phase of H. capsulatum suspended 
ties! Requires little to make viscous 
el mud that floats cuttings. Ry in tap water. There was little difference in 
- @ SPINK-O—medium weight mud, low 


removal, whether using 3’, 12’, 24”, or 30” 
of sand. Under conditions of these expts., 
more free available chlorine residual was 
required in water to inactivate H. capsu- 


filter loss! Combines outstand 
ualities of Gleason and Spink-Gel. 
det the job done quicker . . . more 
economically with Spinks! 
F Distributorships now open 
y in several choice territories 


H.C. SPINKS CLAY COMPANY, INC. latum in mycelial phase than to destroy 

Post Oftice Box 829, Paris, Tennessee enteric bacteria or virus of poliomyelitis 
Phones 1502 and 1503 

Bann Bide. Cincinnati under similar conditions. Complete kill of 

Gent original inoculum producing approx. 950 


niet colonies per 0.5 ml was demonstrated with 


| HwZ Quality Brand K J _ 0.35 ppm free chlorine at 6-hr contact or 


with 1.8 ppm at 60-min. Interpolation of 
exptal. results indicated minimum effective 
contact times at these residuals of 4 hr and 
35 min, resp —PHEA 
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Modernize Your Recarbonization / 


PROVEN ON MANY SUCCESSFUL INSTALLATIONS« 


OLD METHOD—Puel is burned at atmospher- 
ic pressure resulting in the production of gases 
containing corrosive elements and taste imparting 
impurities. Cooling, scrubbing and drying gen- 
only removes only part of the undesirable 
products, and also some of the CO,. Consequently, 
the compressor and diffusion system must handle 
corrosive gases which increases maintenance and 
reduces the life of the equipment. 


The CARBALL is available in four 
sizes with capacities ranging to 
10,000 Ibs./CO, per day. Either 
or fuel oil may be utilized. 
rite for Bulletin 7W83. 


CARBALL METHOD—tThe CARBALL pro- 
duces CO, by compressing cold clean air followed 
by complete combustion the air-fuel mixture, 
under pressure, in an accessible chamber. Corro- 
sive elements and taste imparting impurities are 
eliminated. Cooler-Scrubber and Drier are not re- 
quired. Recompression is eliminated since com- 
bustion under pressure permits self-injection of 
the gases. 


ECONOMICAL AND EFICIEN [ —Production and absorprion of CO, with the CARBALL 


cent 


fry percent more CO, is produced as compared to old 


methods. DIFFUSAIR diffusion system generally yields in excess of 92% absorption efficiency at only 
8 ft. submergence. One half minute retention time for absorption saves cost of large diffusion basin. 

tion efficiency permits fuel savings that will defray 
seven years. 


cost of the CARBALL in less than 
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At another end of Downey, Calif., 
Mrs. Robert Breeze stuck a hose in 
a hole to drown a gopher and re- 
turned later to find 15 ft of it inhumed. 
Unable to haul it out with the aid of 
three of her neighbors, she decided to 
give the devil his due by chopping the 
line off at ground level and filling 
the hole. 

At Proctor, Minn., Robert A. Wom- 
bacher revealed that 15 of of the 50 ft 
of garden hose he had left on the lawn 
one Tuesday had disappeared into the 
ground by Saturday when he next 
needed it. Attributing his loss to the 
fact that the ground around the house 
was “mostly fill,’ Mr. Wombacher 
apparently let it go at that. 

Two weeks later in the Queens 
section of New York City, a 100-ft 
plastic hose apparently tried to make 


BUILDERS PROPELOFLO is an inexpensive main line meter for totalizing 


up for lost time by taking its dive at 
the rate of 25 ft in less than 10 hr. 
There, a 222-lb neighbor, who failed 
to recover it with all his might, set up 
his cot at the spot to await the return 
of “pretty surprised” Patrolman Har- 
old Smith, owner of the hose and the 
property into which it wormed. 

Of course there is an explanation to 
this hose play; as a matter of fact 
there are many, perhaps the most elab- 
orate of which is that extended by a 
correspondent of the Newark, N.]J., 
Evening News, who pointed out : 


The mystery of the disappearing water 
hose in the ground is explained by the 
elements going into the plastic hose, i.e., 
cellulose. 

Cellulose is the substance which com- 
poses the greater part of the cell walls 
of plants. When dry it soaks up water 


(Continued on page 80 P&R) 


water consumption. Gives dependable, trouble-free service on the job. 
Meters accurately over wide range — six-digit totalizer shows water use 


directly in gallons, cubic feet, etc. For complete information on this 
easy-to-install meter, write to Builders-Provid 
Providence 1, Rhode Island. 


Inc. 364 Horris Ave., 


BUILDERS- 


DIVISION OF B-I-F INDUSTRIES, INC. 


FOUNORY © PROPOR TIONEE ES, OMEGA MACHINE CO, 
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From 
Moose Jaw 


to 


* 


At Tu 


scaloosa, Alabama, they installed 27,000 


At Moose Jaw, Saskatchewan, they used 65,000 feet of Armco Welded Pipe. 


Armco Pipe Meets Water Line Requirements 


From Saskatchewan to Alabama, cities 
are finding that Armco Welded Steel 
Pipe meets their needs in water supply 
and force mains. 


WIDE SIZE RANGE 


Standard sizes include diameters from 
6 to 36 inches; wall thicknesses from 


%a- to ¥%-inch; lengths up to 50 feet. 


EASY INSTALLATION 

With the extra-long 50-foot lengths of 
Armco Pipe there are fewer sections 
to handle, and fewer joints to be made. 
Work goes faster. Labor costs are low. 


ARMCO WELDED STEEL PIPE 


Meets A. W.W.A. Specifications 


Armco Welded Steel Pipe has a high 
strength/weight ratio coupled with 
flexibility that withstands internal or 
external pressures. A smooth, spun- 
enamel lining prevents tuberculation 
and assures continued high flow ca- 
a. Armco Drainage & Metal 

roducts, Inc., Welded Pipe Sales 
Division, 4575 Curtis Street, Middle- 
town, Ohio, Subsidiary of Armco Steel 
Corporation. In ae write Guelph, 


Ontario. 
® 
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readily until it is saturated. In other 
words, it is the element which attracts 
the water to the plants or pulls the plants 
—through its roots—to water. 

When we consider cellulose is derived 
from coniferous trees, such as spruce, 
hemlock, also other plants such as cot- 
ton, and that a hemlock branch is effec- 
tive as a dowser, divining rod, or means 
to locate wells, we have the pull of a 
hemlock twig over a deposit of water 
greatly multiplied in the concentrated 
cellulose or plastic hose. 

The inherent properties of the plant 
cellulose to bring the roots of a plant 
where there is water seemingly remains 
throughout the process of being formed 
into plastic, and we have the plastic hose 
made of a good percentage of the cellu- 
lose of hemlock—without the nozzle— 
working itself through the earth, even as 
the roots of a plant, to get to a deposit 
of water. 


Others, less divine or dowsy, have 
tended to be a little more offhand in 
their speculation about the hosiery. 
Granting that a hose may have a gen- 
uine desire to help conserve public 
water supply by seeking its own aux- 
iliary source, they have been unwilling 
to credit it with such strength of that 
purpose as is indicated by the back- 
breaking reports. More likely, they 
feel, this is the hose’s own answer to 
the competition of the underground 
sprinking system or, perhaps, just an 
escape mechanism worthy of an espe- 
cially hot and dry summer. At any 
rate, it has been a relief to hear that 
these dives have been as waterless as 
they have been groundless, the water, 
in each case, having been shut off be- 
fore or just after the hose netherealized. 


(Continued on page 82 P&R) 


SZ For Public Water Fluoridation 
Sodium Silicofluoride—98% 


(Dense Powder) 


Sodium Fluoride—98% 


(Dense Powder or Granular) 
Meets AWWA specifications 


White or tinted blue 
Minimum of dust in handling 
Minimum of storage space 


Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 
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FOR TAPS 2” THRU 12” INCLUSIVE 


The NEW Smith S-54 Tapping Machine is the most modern, efficient and 
economical machine available. The Machine is used with Tapping 
Sleeves, Hat Flanges, Saddles and Tapping Valves to make 2” through 
12” connections under pressure to Cast Iron, Cement-Asbestos, Steel and 
Reinforced Concrete Pressure pipe. Features: 1. Positive automatic feed 
insures correct drilling and tapping rate. 2. Travel is automatically ter- 
minated when tap is completed—cutter and shaft cannot overtravel. 
3. Telescopic shaft reduces overall length. 4. Mechanism is housed in 
heat treated Aluminum Case filled with lubricant. 5. Stuffing Box and 
Packing Gland is accessible without disassembling machine. Line pres- 
sure cannot enter machine case. 6. Extra large diameter telescopic shaft 
add strength and rigidity. Timken radial—thrust bearings maintain 
alignment, reduce friction and wear. 7. Worm gearing operates in lubri- 
cant, torque is reduced to the minimum. 8. Cutters have replaceable Flat 
and Semi-V alternate teeth of High Speed Steel or Tungsten Carbide. 
9. Flexibility: Hand Operated Machines can be converted to Power 
Operation by interchanging worm gearing. Bulletin T54 sent on request. 


THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW. JERSEY 
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Model"S-54 Power Operated or Hand Operated 
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Every dog has his day when his 
family shops at Wallachs, and for a 
very good reason: water, of course, 
the world’s best drink, not only for 
dogs and dog’s days, but for the dog 


days as well (see photo). As a mat- 
ter of fact, there have been days in 
the immediate past when, walking 
along Fifth Avenue, we’ve wanted to 
cool our own dogs at Wallachs’ bar 
and had to settle for trying on shoes 
in the air-conditioned inside. It is a 
dog’s life! 

[If the photo of the barhound on 
his first lap seems just a little off our 
season, just remember that August is 
the month when Wallachs and other 
New York stores hold their fall cloth- 
ing sales. When else but during the 
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dog days would they be lined up like 
that ?] 


Helen Rotthaus, former Arizona 
Section secretary, has been given a 
large share of the credit for the smooth 
operation of that state’s polio vaccine 
program. As clerical supervisor and 
secretary to the Arizona commissioner 
of public health, Mrs. Rotthaus estab- 
lished schedules, arranged for trans- 
portation, and provided public educa- 
tion material. With the close assistance 
of personnel from the health depart- 
ment and other agencies, she was able 
to coordinate the activities of the nu- 
merous groups whose participation was 
essential to the success of the program. 


(Continued on page 84 P&R) 
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a summer problem 
will be no problem 
44 Cll in nour ! 


If last summer’s peak demands created low pressure problems 
in your water distribution system call National for a free survey 
on how water main cleaning will uprate your system. 

You'll find as have other leading communities that National 
cleaning is an investment—not an expense. National cleaning 
is so effective that restoration of at least 95% of the original 
capacity of your mains is guaranteed! 

Charges are modest with little if any interruption to service, 
So, for compliments instead of complaints why not call 
National right now? 


Cuil today 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street + New York, N.Y. 


ATLANTA, GA; 333 Candler bane * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * RICHMOND, VA; 210 E. Franklin Street * SALT LAKE 
CITY; 149-151 W. Second South Street * SIGNAL MOUNTAIN TENNESSEE; 204 Slayton 
Street * MONTREAL, CANADA; 2032 Union Avenue * WINNIPEG CANADA; 576 Wall 
Street * HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 


RICO; Luis F. Caratini, Apartado 2184. 
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Leland G. Carlton, former super- 
intendent of the Springfield, Mass., 
Water Dept., died Jun. 11 at the age 
of 70. Born at Brattleboro, Vt., he 
held a degree in civil engineering from 
the University of Vermont. Mr. Carl- 
ton, who joined the Springfield Water 
Dept. in 1906, became its superintend- 
ent in 1940, a position from which he 
retired last year. He was past-presi- 
dent of the New England Water Works 
Assn. and of the Engineering Society 
of Western Massachusetts. He had 
been an AWWA member since 1941. 


Rollin F. MacDowell, head of the 
consulting sanitary engineering firm 
of Rollin F. MacDowell & Assocs., 
Cleveland, Ohio, died at the age of 
69 at his home May 25. Born at 
Columbus, Ohio, Mr. MacDowell be- 


came an assistant engineer in the Ohio 
Dept. of Health in 1909, after being 
graduated from Ohio State University. 
From 1913 through 1920, he held the 
position of principal assistant in the 
engineering firm of R. Winthrop Pratt, 
and in 1921 he was named county 
sanitary engineer for Cuyahoga County 
(Cleveland). He entered private prac- 
tice in 1925, serving as consulting en- 
gineer on water and sewage projects 
for many municipalities and states, as 
well as for the United States and 
Cuban governments and a number of 
corporations and individuals. 

A registered engineer in Ohio and 
New York, Mr. MacDowell joined 
AWWA in 1937. His professional 
affiliations also included the National 
Society of Professional Engineers and 
the Federation of Sewage & Industrial 
Wastes Assns. 
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MUNICIPAL 


SUPPLIES 


47 YEARS OF SERVICE 


ESTAMLISHED 1 0008 


WRITE TODAY 
For 
100 PAGE CATALOG 


DARLEY & CO. Chicago 12 


BELL JOINT 
LEAK CLAMPS 
GASKET SEALER 
COMPOUND 
C-1-60 CAST 
IRON BOLTS 


Carson glands and bolts 
made of corrosion-resistant 
C-I-60 cast iron—last as long 
as cast iron pipe. Glands ac- 
commodate variations in pipe 
dimensions, insure uniform 


compression of rubber gasket. 
Write for information 


H. Y. CARSON COMPANY 
1221 Pinson St. Birmingham, Ala. 
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A. W. Grathwol, manager of the Sandushy, Obio, Water Distribution 
Deflartment, checking static water pressure on a newly installed 
Darling B-30-B hydrant. 


Word is getting around about 
DARLING’S NEW B-50-B FIRE HYDRANT 


ATER distribution men like 

A. W. Grathwol of the San- 
dusky, Ohio, Water Distribution 
Department, are spreading the good 
news about the new patented Dar- 
ling B-50-B fire hydrant. It rates as 
the most important fire bydrant ad- 
vance in 50 years. 


Here are reasons why... 
1. The “O” ring seals eliminate 


need for a stuffing box. Darling's 
B-$0-B isa packless, dry-top hydrant 
that saves service time and trouble, 
It does away with bothersome pack- 
ing gland adj and € 

nance, assures constant lubrication 
of the operating threads and prevents 
water from reaching the operating 
threads, 

2. The Darling B-50-B is a ball- 
bearing operated hydrant. Opening 


and closing takes less than half the 
usual wrench torque. 

And you also get another long- 
time advantage of Darling hydrants 
..» all inside working parts, includ- 
ing the main valve seat and drain 
valve seats, can be removed through 
the top by one man for on-the-spot 
inspection and maintenance. Write 
for Bulletin No. 5007 before you 
decide on any hydrant. Address... 


DARLING VALVE & MANUFACTURING CO. 
Williamsport 23, Pa. 
Manufactured in Canada by The Canada Valve & Hydrant Co, Lid., Brantford 7, Ontario 
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Cosby S. Read, superintendent of 
the Tuscaloosa, Ala., Water Works 
Dept. from 1931 until his retirement 
last year, died in Druid City Hospital 
May 11, after a lingering illness. Mr. 
Read, who came to Tuscaloosa from 
Conyers, Ga., had been with the de- 
partment since 1912 and was instru- 
mental in modernizing the city’s water 
system. 


James McClure Wardle, former 
superintendent of the Hudson, N.Y., 
Dept. of Public Works, died suddenly 
at his home Jul. 9 at the age of 55. 
A life-long resident of Hudson, Mr. 
Wardle served 25 years with the Dept. 
of Public Works, resigning about 5 
years ago to become associated with 
the New York State Parkway Com- 
mission. He was a member of the 


New York Section of AWWA and 
received the Fuller Award in 1950. 


Correction—the table below replaces 
the one appearing on text page 571 in 
the June 1955 JourNAL (see correc- 
tion notice in the current issue, text 
page 839). 


TABLE 4 
Effect of Hydrogen Ion Concentration 


Fluoride Error 


Sam ple (Positive) 
pH meg /100 ml 
7.0 0.000 
6.0 0.000 
5.0 0.000 
4.5 0.000 
4.0 0.002 
3.5 0.002 
3.0 0.004 
2.8 0.006 
2.5 0.010 
0.012 


WHEELER FILTER BOTTOMS 


...Qgive these outstanding plants —corrosion free con- 
struction * uniform flow distribution * low head ioss. 


CLevetano, (Havens & Emerson, Engrs.) 

Naswvitce, Tenn. (The Chester Engineers) 

Miami, Fra. (Day & Zimmerman, Inc., Engrs.) 

Wiiminoton, Dec. (Metcalf & Eddy, Engrs.) 

For details on monolithic and pre-cast Wheeler 
Bottoms, write Builders-Providence, Inc., 365 Harris 
Avenue, Providence 1, Rhode Island. 


DIVISION OF B-I-F 


BUILDERS-PROVIDENCE 


INDUSTRIES, 


INC. 
SUILOERS FOUNDRY © PROPORTIONS ERS, INC. © OMEGA MACHINE CO, @ 


CONTROLS 
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ack tho man from 


He carries knowledge 
from many countries 
under the hat he wears! 


A problem on ground water 
development solved in Paris, 
France, may be the answer 
to a similar problem in Paris, 
Tennessee. World wide, fac- 
tual knowledge gained the 
world over is available to 
municipalities, small and 
large, without cost or obliga- 
tion upon request. 

It’s sound business judg- 
ment on any question that 
relates to water to “ask the 
man from Layne.” 


Layne 
LAYNE & BOWLER, INC. Associate Companies 
Memphis 8, Tennessee Throughout the 
World 
water wells vertical turbine eatment 
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Section Meetings 


Arizona Section: The Arizona Section 
and the Arizona Sewage & Water Works 
Assn. held a joint three-day meeting, Apr. 
14-16, at the San Marcos Hotel in Chand- 
ler. John Quarty, president of the hotel, 
was a very genial host. The Arizona 
Section is very fortunate to have the 
blonde efficient twins, Olive Hungate and 
Fern Gray, at the registration desk each 
year. Represented. among the 157 regis- 
trants were water company owners; wa- 
ter and sewage plant operators and super- 
intendents; maintenance men; various 
types of engineers—chemical, sanitary, 
city, field and construction, and consult- 
ing; manufacturer's representatives; uni- 
versity professors; and engineering per- 
sonnel from nearby Williams Air Force 
Base. 

Thursday, Apr. 14, the address of wel- 
come was given by the Mayor Paul 
Gaumer of Chandler, who, with his wife, 
was a guest at all the technical and social 
gatherings. Phil J. Martin Jr. gave the 
response. During the morning session 
the papers presented were: “New Devel- 
opments in Sewage Works” by Dr. J. A. 
Montgomery, president, Lakeside Engi- 
neering Corp., Chicago; and “Excavation 
and Backfill,’ by Andrew Marum, con- 
sulting engineer, Tucson, and John T. 
Young, executive secretary, Central Ari- 
zona Concrete Assn. 

During the Thursday afternoon session 
the following papers were presented: 
“Adult Education” by John C. Park, 
dean, College of Engineering, University 
of Arizona; “Lightning Protection for 
Water and Sewage Works Equipment” 
by Earl S. Prud’homme, General Electric 
Co., Tucson; “Proper Liability Insurance 
Coverage for Utilities” by W. J. Mc- 
Kinnon, manager, Great American In- 


demnity Co., Los Angeles, and Ralph F. 
Thompson, insurance and claims super- 
visor, Arizona Public Service Co., 
Phoenix. A “No Host Dinner” was held 
Thursday night. 

The Friday morning session began with 
a very interesting report (supplemented 
by color slides) on the “New Zealand 
Sewage Survey,” made by A M Rawn, 
chief engineer and general manage~, !os 
Angeles County Sanitation Dists. Mr. 
and Mrs. Rawn spent 3 months of last 
year in New Zealand, where Mr. Rawn 
collected data for his report. The other 
papers presented were “Role of Corpora- 
tion Commission on Water Utilities” by 
Bernard Brown and “How to Obtain the 
Friction Coefficient of Existing Pipelines” 
by Dave Harmon of Headman, Ferguson 
& Carollo, Engrs., Phoenix. 

At noon, Friday, a very fine ladies’ 
luncheon and fashion show was held 
around the beautiful, petunia-bordered 


swimming pool of the San Marcos. 
Southwest fashions from the Kachina 
Shop in the hotel were modeled. A beau- 


tiful squaw dress was given to Mrs, Ed 
Waltenspiel, who held the lucky number 
at the drawing. The men were invited 
to attend and came en masse. 

During the Friday afternoon session 
the papers presented were: “Keeping 
Current With Specifications” by Loring 
E. Tabor, specification engineer, Los An- 
geles Dept. of Water & Power; “Ground 
Water Situation in Arizona” by Samuel 
F. Turner, consulting geologist and engi- 
neer, Phoenix; and “Problems of Tin 
Pipe Utility’ by Spencer D. Stewart, 
Consolidated Water Co., Phoenix. 

Friday night the Association Dinner 
was held in the Garden Room of the hotel, 
with ASWWA President Phil J. Martin 


(Continued on page 90 P&R) 
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Since 1921, Norfolk, Virginia, 
has been specifying concrete 
pressure pipe for its water sup- 
ply and distribution system. 
Over 450,000 feet of pipe is now 
in use. Diameters range from 
20” to 48”. 

Still in excellent condition is 
the 31,700 feet of concrete pres- 
sure pipe laid in 1921. There 
has been no necessity to take 
this pipeline out of service for 
any maintenance work; nor has 


Member companies 
monutacture 
concrete pressure pipe 
in accordance 
i ily recog 


specifications 
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the pipeline suffered from any 
trouble due to electrolytic ac- 
tion. This pipe is now carrying 
water at the same high capacity 
as when it was installed. 

If your city wants pipe with 
an assured high-carrying capac- 
ity, decade after decade...if long 
term economy is a necessity ... 
then look into the advantages 
of concrete pressure pipe when 
you plan your next transmission 
or distribution lines. 


Chicago 1, Illinois 
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FOR AUTOMATIC 
CONTROL 


of Liquids 


or Gases 


FOSTER 

= 
PRESSURE 
REGULATORS 


@ Foster Type U Pressure Regulators are 
rugged. They are precision and quality 
built, insuring years of dependable trov- 
ble-free service for Water and other Pub- 
lic Works Departments. The balanced type 
of design allows for variations in the inlet 
pressure and provides greater sensitivity 
to the valve action, assuring accurately 
controlled pressure from zero to maxi- 
mum flow. 


Foster Type U Valves ore used princi- 
pally on water supply systems, commercial 
and apartment buildings, and many in- 
dustrial uses such as bottle washing ma- 
chines, air service supplies and air and 
fuel supply lines. Available entirely self- 
contained; piston opercted, diaphragm 
actuated, or internally pilot 
controlied. Sizes 2” to 8” 
Write for Bulletin U-101. 


FOSTER ENGINEERING 
COMPANY 


835 LEHIGH AVENUE UNION, N. J. 
» CONTROL 
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Section Meetings 
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Byrl Phelps was master of 
ceremonies and AWWA Vice-President 
. Amsbary Jr. was guest of honor. 
After the dinner meeting had adjourned, 
members, wives, and guests were enter- 
tained in the hotel by the manufacturers. 

During the Saturday morning session 
papers were presented: 
“Researches on Natural Rainfall” by Dr. 
A. Richard Kassander Jr., associate di- 
rector, Institute of Atmospheric Physics, 
University of Arizona; “Utility Reloca- 
tion and Alterations” by Frank C. Ams- 
bary Jr. and John A. Carollo, Partner, 
Headman, Ferguson & Carollo, Engrs., 
Phoenix. 

During the Saturday afternoon session 
a sewage and water plant operators’ 
roundup was held. Dario Travaini, su- 
perintendent of water and sewers, Phoe- 
nix, presided over a panel composed of: 
Quentin Mees, assistant professor of civil 
engineering, College of Engineering, Uni- 
versity of Arizona; Ray A. Drain, super- 


intendent, Sewage Div., Tucson; John 
Rauscher, hydraulic engineer, Water 
Dept., Tucson; and Bernard C. Craun, 


sanitary engineer, State Dept. of Health, 
Phoenix. The topics discussed were 


| schooling of operators and collection, dis- 


tribution, and plant problems. 

Saturday night a dinner-dance was held 
in the Garden Room. Phil J. Martin Jr. 
presided and Walter C. Harford was 
master of ceremonies. Several skits, 
poems, essays, and jokes were featured. 
Phil Martin was presented the George 
Warren Fuller Award for 1955. A. W. 
“Dusty” Miller gave Sludge Shovelers 
Awards to George Martin, Leigh O. 
Gardner, and Frank C. Amsbary Jr. 

After a pleasant evening of dancing, 
goodnights and goodbyes were said to 
friends whom the meeting brings to- 
gether each year for three days of very 
interesting and informative technical ses- 
sions, golf, swimming, bridge, and just 
plain fun. 

Quentin M. 
Secretary-Treasurer 
(Continued on page 92 P&R) 
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HEART OF BETTER 
FILTRATION PLANTS 


In addition to designing all types of gravity 
filtration plants InFILco engineers and produces 
“C.-A.-P. System” operating tables, meters, 
converters and controllers to give you the 
ultimate in efficient operation. These controls 
offer great simplicity, accuracy, rugged 
construction and ease of maintenance. Whether 
you require a complete gravity filtration plant 
or efficient controls on your present one, it will 
pay you to call on InFILco. Write for complete 
information on “C.-A.-P. System” instruments. 


The one compony 
offering equipment 
for all types of 
water ond waste 
treatment — 


INFILCO INC. 


925 South Campbell Ave., Tucson, Arizona 
Offices in principal cities in North America $535 


aeration, ion 
exchange and 
biological prpcesses 


~ (4, 
C.-A.-P. SYSTEM’ Instruments 
Typical “C.-A-P. INFILCO Rote of 
a 
SYSTEM SYSTEM J | 
of Head ond Conver! 
Indicator dnd Recorde?. 
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Pacific Northwest Section: The Pa- 
cific Northwest Section, at its 28th an- 
nual meeting at the Chinook Hotel, Ya- 
kima, Wash., May 19-21, elected C. V. 
Signor, manager of the Coos Bay—North 
Bend Water Dept., as its new chairman. 
The other officers elected were C. R. Har- 
lock (water superintendent, McNeil Is- 
land), vice-chairman; C. C. Casad (wa- 
ter superintendent, Bremerton, Wash.), 
national director; H. C. Clare (director, 
State Div. of Public Health Eng., Boise, 
Idaho), Trustee; and Fred D. Jones 
(distribution supervisor, Spokane Water 
Dept.), secretary-treasurer. Henry Don- 
nelly (water superintendent, Bellingham, 
Wash.), the other trustee, was elected in 
1954 for a 2-year term. 

There were nearly 300 in attendance at 
the meeting. The 150 ladies were roy- 
ally entertained by a program arranged 
by Mrs. Paul Meyer of Walla Walla and 
Mrs. T. H. Judd of Spokane. A com- 
mittee of eighteen local ladies, headed by 
Mrs. Harper Grimes, assisted. The tour 
of Yakima and its water department, con- 
ducted by Harper D. Grimes, the water 
superintendent, was enjoyed by a large 
group. 

Mayor Gilbert Burns was master of 
ceremonies at the banquet and also gave 
the address of welcome at the Thursday 
noon luncheon. Winston H. Berkeley, 
outgoing chairman of the section, gave 
the response. Burns told how important 
water is to the Yakima Valley and its 
continued expansion. 

Frank C. Amsbary Jr. brought greet- 
ings from the national organization and 
also participated in the technical sessions, 
giving a paper on the Teays River Val- 
ley underground water supply. 

Roy E. Morse, formerly water super- 
intendent at Seattle and now with the 
US Dept. of Interior, Washington, D.C., 
was chosen to receive the Fuller Award. 
Ernest C. Willard, consulting engineer, 
Portland, was given the Powell-Lindsay 
Citation “for his pioneer work in the or- 
ganization and development of the Pacific 


Northwest Section and for his outstand- 
ing contribution to the establishment of 
sound financial programs for water utili- 
ties.” Ben S. Morrow, manager of the 
Portland Water Bureau, received a life 
membership in the Association. 

Charles J. Eisenbacker, of the civil de- 
fense organization of the State of Wash- 
ington, told of witnessing the atomic and 
hydrogen bomb tests at the Nevada prov- 
ing grounds and discussed radioactive 
contamination. W. A. Galbraith, direc- 
tor of the Washington Dept. of Conserva- 
tion & Development, gave a paper on the 
state’s water resources program. Don 
E. Gray, consulting engineer, Yakima, 
spoke on the water supply problems in 
the Columbia Basin area. Amos J. Alter, 
chief engineer of the Alaska Dept. of 
Health, gave a talk on cold-weather prob- 
lems in the territory. Larry Moll, safety 
engineer, Seattle Water Dept., spoke on 
the city’s safety program, which was 
started in 1953. A comedy skit entitled 
“A Morning in the Water Office,” by 
John Berning, Ray Struthers, Tom Judd, 
Archie Rice, and Robert Duff, was well 
received. 

Frep D. Jones 
Secretary-Treasurer 


Pennsylvania Section: The seventh 
annual meeting of the Pennsylvania Sec- 
tion was held May 4-5 at the Webster 
Hall Hotel, Pittsburgh. This year, in- 
stead of the usual 3-day meeting, a 2-day 
session was tried, and a better meeting 
resulted, keeping members more inter- 
ested and together. Nothing suffered for 
lack of a day. 

The program presented was a very 
good one, beginning Wednesday morn- 
ing, May 4, with a talk by Richard D. 
Hoak, senior fellow, Mellon Institute of 
Industrial Research, Pittsburgh, on “Use 
and Conservation of Water Resources” ; 
this was followed by a very interesting 
and timely panel discussion on fluorida- 
tion, led by Deputy Attorney-General 
Robert J. Trace, State Dept. of Health, 


(Continued on page 94 P&R) 
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HAVE YOU YOUR COPY? 
Anniversary Calaleg 


Now—one of the most com- 
prehensive catalogs ever 
published in the industry. 
Completely new from cover 
to cover. 148 pages show- 
ing the Greenberg line in 
its entirety—new items, 
new illustrations, detailed 
descriptions, specification’s 
and list prices. A must for 
the catalog library of every 
Engineer, Architect, Pur- 
‘ chasing Agent, Pipe, Valve, 

RG Fitting and Plumbing Job- 
cant re ber. Write for your copy 


- 


STABILITY 1854 


765 Folsom Street 
San Francisco 7, California 
Offices in Principal Cities throughout United Stotes 
Manufacturers of: Underwriters Approved fire hydrants, hose valves and siamese 
connections. Fire protection hose goods; industrial, Navy and maritime bronze 
valves and fittings; plumbing and hardware brass specialties; bronze plaques, 
letters and name plates; cr y ond tery products. 
PLEASE MAIL THIS COUPON TODAY 


M. GREENBERG’S SONS + 765 FOLSUM ST. + SAN FRANCISCO 7, CALIFORNIA 
Gentlemen: Please send me « copy of your new catalog. 


Firm Nome 


Address 


City Zone State 


By 
If additional copies ere desired, please list name and tit'e of person to receive cetelog. 
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BROMZE PRODUCTS M. 
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Harrisburg; L. D. Matter, assistant chief 
engineer, Bureau of San. Eng., State 
Dept. of Health, Harrisburg, and Dr. 
Gerald J. Cox, professor of dental re- 
search, University of Pittsburgh, partici- 
pated. 

The Wednesday afternoon session be- 
gan with a description of the treatment 
plant of the South Pittsburgh Water Co. 
by C. E. Trowbridge, chief sanitary engi- 
neer, American Water Works Service 
Co., Philadelphia. This talk was fol- 
lowed by a well attended tour of the plant. 

Thursday morning’s session included 
papers on: “Algae Control With Chlorine 
Dioxide,” by Walter C. Ringer Jr. and 
Sylvester Campbell, both of the Bureau 
of Water, Philadelphia; “Utilization of 
Waste Pickling Acid in Potable Water 
Treatment,” by J. S. Gettrust, superin- 
tendent of water purification and pump- 
ing, Akron, Ohio, Water Dept. ; “Typhoid 
in Westmoreland and Allegheny Coun- 
ties,” by Maurice A. Shapiro, assistant 
professor of sanitary engineering, and 
Dr. Horace M. Gezon, associate profes- 
sor of epidemiology, Graduate School of 
Public Health, University of Pittsburgh. 

After the annual luncheon meeting, the 
concluding session opened with an ad- 
dress by John H. Murdoch Jr., vice-presi- 
dent and counsel, American Water Works 
Service Co., Philadelphia, followed by an 
important and very interesting paper by 
W. Victor Weir, president, St. Louis 
County Water Co., University City, Mo., 
on “Air-Conditioning Water Rate Sched- 
ules”; the paper was very ably discussed 
by Gerald E. Arnold, general superin- 
tendent, Bureau of Water, Philadelphia, 
and Wendell R. LaDue, chief engineer 
and superintendent, Bureau of Water and 
Sewerage, Akron. The sessions ended 
with a paper by Martin E. Flentje, re- 
search engineer, American Water Works 
Service Co., on “Research in the Water 
Works Field.” 

It is evident that the program commit- 
tee did a very fine job of arranging a 
timely, important, and interesting pro- 
gram for the membership. Of course, 
all was not technical and all was not 


business. There were lighter moments. 
The planned activities included a pre- 
convention get-together Tuesday night, 
sponsored by the manufacturers’ associa- 
tion. On Wednesday, the men attended 
a “Group Interest Luncheon,” which was 
divided into four parts—management, dis- 
tribution, resources, and purification—and 
was quite successful. In the afternoon 
there was golf at the Edgewood Country 
Club. On Wednesday evening, after a 
buffet dinner, there was a choice of an 
exciting baseball game or the social hour, 
when a “Crazy Hat” contest was held. 

Thursday offered the annual luncheon, 
the usual cocktail hour, and the annual 
banquet. The Fuller Award nominee 
was L. D. Matter. Life membership was 
conferred on A. R. O'Reilly. 

The ladies were not idle. They had 
practically no time on their hands. The 
committee headed by Mrs. Joseph F. 
O’Grady did a fine job in planning ac- 
tivities for the women. On Wednesday 
there was a dessert social gathering— 
held at the Pittsburgh Athletic Assn.— 
which was not only beautiful but very 
enjoyable. The social hour and the base- 
ball game were open to the ladies, as 
well as to the men. 

On Thursday morning the ladies were 
able to tour the downtown Pittsburgh 
area, shopping or seeing the sights. This 
was followed by luncheon at Kaufmann’s 
and attendance at “Cinerama Holiday.” 

The business meetings were well at- 
tended. Committee reports were given 
and election of officers took place on 
Thursday. The new officers for the Sec- 
tion are: Francis S. Friel, chairman; B. 
French Johnson, vice-chairman; and L. 
S. Morgan, secretary-treasurer. The 
trustees are P. W. Miller, for one more 
year, and J. R. Harvey and P. P. Merkel 
for 2 years. The new director for the 
1956-59 term is L. D. Matter. 

The meeting was well planned and well 
attended and all who came to join in the 
activities left with many enjoyable mem- 
ories. 

L. S. Morcan 
Secretary-Treasurer 
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Summers were getting hotter and Romans were id operating engineers 

irstier. They needed something to drink — with or with- 
out calories. Thus began the construction _ cooperate in solving complex water 

or with than their thirst. For one thing, they had to carry not only useful but desirable and —. . 


AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 


31, 1955 | 
Applications received July 1-31, 1955 | Sashetager, 


| 


Anaya y Sorribas, Manuel, Chief, | 


Div. of Water Supply & Sewerage, 
Ministry of Hydr. Resources, Mar 
ine 22, exico 17, D.<.F., | 
Mexico (Jul. $5) 

Ashiand, City of, Paul L. Chor- 
pening, Director of Public Service 
& Safety, City Bldg., Ashland, 
Ohio (Munic. Sv. Sub. Jul. '55) 

Barker, Richard, S&r., Secy.- 
Treas., Lafourche Parish Water 
Dist. No. 1, Lockport, La. (Jul. 
55) M 

Beloit, City of, Collins G. Fort, 
Supt. of Light & Water, Beloit, 
Kan. (Corp. M. Jul. '55) MRP 

Berglund, William K., Dist. 
Mgr., Fischer & Porter Co., 238 
E. a Ste, 
(Jul. '55) 

Boyer, Edward &., 
Sales, Welsbach Corp., 
Valve Div., Westmoreland & Stok- 
ley Sts., Philadelphia 29, Pa. (Jul. 
'55) D 


Director of 


MEMBERSHIP CHANGES 


Dornblatt, Bernhard M., Pres., 
B. M. Dornblatt & Assocs., Inc., 
820 Carondelet Bldg., New Orleans 
12, La. (Jul. ’55) RP 

Fiynn, Thomas F., Chem. Enagr., 
Calgon, Inc., 1516 Locust St., 
Philadelphia. 2, Pa. (Jul. ’55) P 

Fort, Collins G.; see Beloit (Kan.) 

Frey, Clifton A., Owner, C. A. 
Frey & Assocs., 1010 Creswell, 
Shreveport, La. (Jul. 55) RP 

Gard, George W., Mgr., Munic. 
Sales, Fischer & Porter Co., 16511 
Kinsman Rd., Cleveland 20, Ohio 
(Jul. MPD 

Gerber, Robert A., Asst. Enar., 
State Board of Health, Jackson, | 
Miss. (Jul. MRP 


Pa. (Jul. ’55) PD 
Greenfield Water Works, Thomas 


D. Peterson, Plant Operator, 706 | 
Greenfield, Ind. | 


E. Main S5t., 
(Corp. M. Jul. ’55) MP 


| Gregory, Edwin L., Water Works 


Jacksonville, Fila. | 


Kitson | 


Design, Vancouver, B.C. (Jul. ’55) 
Gubanich, John A., Secy.-Treas., 


General Waterworks Corp., 1500 | 
Philadelphia 2, Pa. | 


Walnut St., 
(Jul. M 
Guilford-Chester Water Co., Ed- 
zoe P. Williams, Pres., W. Main 


Clinton, Conn. (Corp. M. Jul. | 


758) MRPD 

Hamilton, Hugh L.; see Smith, 
A. V., Eng. Co. 

Hardy, a 
Engr., Public Health Dept., City 
Hall, Fort Worth, Tex. (Jul. 55) 
M 


| Harris, William S8., Distr. Engr., 


Burns, John Thomas, Dist. Sales 


aa Electro Rust Proofing Corp., 
=, St., Belleville, N.J. (Jul. 


E., Contracting | 


ar., Chicago Bridge & Iron Co., 


| 


1412 C & I Life Bldg., Houston 2, | 
55) D 


Tex. (Jul. 
Chorpening, Paul L.; 

land (Ohio) 
Congleton, Harry K., Water 

Supt, Grand Rapids, Ohio (Jul. 


see Ash- 


Curtis, Edgar H., Estimator, 
American Pipe & Constr. Co., 4635 
Firestone Bivd., South Gate, Calif. 
(Jul. '55) R 

Custer, Joseph W., Maer. Vera 
Irrigation Dist. No. 15, 601 N. 
Evergreen, Veradale, Wash. (Jul. 
MD 

Delaware, Public Service Com. 
of, W. Rodney Price, Exec. Secy., 
Old State ouse, Dover, Del. 
(Corp. M. Jul. '55) MRP 

DeLonge, Harry Water Tech- 
nician, Pepsi Cola Co., 3 W. 57th 
St., New York, N.Y. (Jul. '55) P 

Dempsey, W. T., Cons. Engr., 37 
ae St. E., Oshawa, Ont. (Jul. 
*55) 


Doell, Harry A., Western Dist. | 
Mgr., S. Morgan Smith Co., 68 | 


Post St., Rm. 315, San Francisco 
4, Calif. (Jul. '55) RPD 


American Water Works Service Co., 
Inc., 3 Penn Center Plaza, Phila- 
delphia 2, Pa. (Jul. 55) MD 

Heffernan, Joseph Project 
Engr., M. M. Dillon & Co., Ltd., 
141 Maple St., London, Ont. (Jul. 
55) 


Herring, J. E., Water Supt., Den- 
ver City, Tex. (Jul. '55) M 

Hill, Charles E., Supt., Water 
Lakin, Kan. (jul. 55) 
MRP 


Hills, Frederick, Comr., Utilities 


Com., Peterborough, Ont. (Jul. | 


*55) 


Holden, Loyle C., Civ. Engr., | 


Southern California’ Div., Ameri- 
can Pipe & Constr. Co., 4635 
Firestone Blvd., South Gate, Calif. 
(Jul. MRPD 

Huey, Stanton E., Cons. Engr., 
S. E. Huey & Co., Heninger Bidg., 
Monroe, La. (Jul. ’55) RP 

Hunter, Fred, Jr., Sales Repr., 
Price Brothers Co., 5853 Pointer 
Lane, Cincinnati 13, Ohio (Jul. 
D 

Indio, City of, Thomas E. Selman, 
Director of Public Works, City 
Offices, Calif. (Munic. Sv. 


Sub. Jul 
Jack Th Product 
Mgr., Calite Div., Johns. Manville 


Product Corp., 22 E. 40th St., 
New York 16, N.Y. (Jul. ’55) P 
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Alfred E., Chief 
Mech. Engr., Swindell-Dressler | 
Corp., Box 1888, Pittsburgh 30, | 


William Ralph, 
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Jarratt, Peter RK. C., Salesman, 
Chlorinator Div., Fischer & Porter 
Co., 5010 Woodminster Lane, Oak- 
land 2, Calif. (Jul. '55) RP 

Johnson, Clinton W., Gen. Supt., 

| Utility Plant Board, Morehead, 

| Ky. (Jul. ’55) MD 

Johnson, Neil R., Maritime Repr., 
Neptune Meters Ltd., Box 984, 
Halifax, N.S. (Jul. ’55) 

Jones, Henry M., San. Engr., State 
Board of Health, Jackson, Miss. 
(Jul. 

Jones, John, Asst. City Engr., 177 
“D” St., Upland, Calif. (Jul. ’55) 
MD 


Jones, Ray W., Asst. Supt., Div. 
of Water & Sewers, Rm. i111, City 
Hall, Sacramento, Calif. (Jul. ’55) 
MRPD 


| Kauffman, Fred M., Salesman, 

| Sebastian Diesel Equipment Co., 

| 1801 Joplin St., Joplin, Mo. (Jul. 
M 


| Kimbrough, Robert, Magr., Pipe 

| Sales, Armco Drainage & Metal 

Products, Inc., 619 Forsyth Bldg., 

Atlanta, Ga. (Jul. ’55) 

Laux, Robert P., Town Classifica- 

| tion Inspector, Ohio Inspection 

| Bureau, 431 E. Broad St., Colum- 

bus 16, Ohio (Jul. ’55) MD 

| Lefort, Norman C., Office Megr., 

Lafourche Parish Water Dist. No. 

1, Lockport, La. (Jul. 55) M 

| Lewis, Calvin Sales Engr., 

Rockwell Mfg. Co., 4669 Co- 

| lumbine St., Denver 16, Colo. (Jul. 
MP 

Lyons, Helen L. (Miss), Super- 
visor, Water Plant, Rte. 1, Box 
926, Sarasota, Fla. (Jul. ’55) P 

MacKichan, Kenneth A., Hydr. 

Engr.. US Geological Survey, 

Washington 25, D.C. (Jul. ’55) 

Masterson, John M., ee» Gla- 
morgan Pipe & Foundry Co., Peo- 
ples Gas Bldg., Chicago, Ill. (Jul. 
*55) 

Mauro, Joseph L., Jr., Supt. of 
Water & Sewers, 710 Bangs Ave., 
Asbury Park, N.J. (Jul. 
MRPD 

MeCain, John I., Civ. Engr., Mc- 
Cain & Assocs., 8200 Florida St., 
Baton Rouge, La. (Jul. ’55) PD 

| McClean, George T., Civ. Engr., 
255 Kensington Ave., Astoria, Ore. 
(ul. ’°55) D 

Meslin, Jerry, Mgr., Morningside 
Pool, 850 N.E. SSth Terrace, 
Miami, Fla. (Jul. ’55) P 

Milbridge Water Co., William F. 
Sawyer, Pres., Milbridge, Me. 
(Corp. M. Jul, MD 

Miller, Billy Mer. Harris 
County Water Control & Improve- 
ment Dist. No. 39, 9508 Compton, 
Box 11142, Houston 16, Tex. (Jul. 
55) M 

Morgan, Thomas M., Civ. Engr., 
United Water Conservation Dist., 
806 Kailroad Ave., Santa Paula, 
Calif. (Jul. 

Moser, Russell J.; see Plymouth 
(Ohio) Board of Public Affairs 
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to a lot of tank problems 


American has been building tanks of many types, 
pressure vessels and storage reservoirs for a third 
of a century. This great store of experience in the 
design, fabrication and field erection of these prod- 
ucts has resulted in carefully engineered custom 
fabricated units at the lowest possible cost. Facil- 
ities, experience and personnel have made Amer- 
ican outstanding in the field. Job-timed delivery 
eliminates costly construction delay. 


You'll find it easy, profitable and pleasant to do 
business with American. 


Write or phone to have an American sales engi- 
neer help you plan your next job. 


rl amo Comsteuc 


NORTHWEST DIVISION 
518 Golumbia Blvd. (Near Union Ave 
Portland UKiah 2531 


Los Angeles San Diege 


) = 
Here's the answer 
» a 
j 
ow 
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Munz, Charles F., Salesman, Wels- 
bach Corp., Kitson Valve Div., 
Westmoreland & Stokley Sts., 
Philadelphia 29, Pa. (Jul. ’55) D 

Nasir, Jamil Ahmed, Mgr., Jeru 
salem Water Supply, c/o Munici- 
pality, Jerusalem, Hashimite, Jor- 
dan (Jul. ’55) 

Nelson, Waldemar &., Partner, 
Bedell & Nelson, 840 Union St., 


New Orleans 12, La. (Jul. ’55) 
PD 
O'Day, Joseph D., Gen. Mar., 


New York Water Service Corp., 


Rochester Div., 20 East Ave., 
Rochester 4, N. Y. (Jul. ’55) 
MRPD 
Ohge, Marry C., Mfer.’s Repr., 
Hungerford & Terry Co., 5324 
Primrose Ave., Indianapolis, Ind 


(Jul. ’55) 

Peterson, Russell J., Engr, Hen- 
ningson-Durham-Richardson _Inc., 
2962 Harney St., Omaha 2, Neb. 
(Jul. P 


Peterson, Thomas D.; see Green- 


field (Ind.) Water Works 

Petrea, Clifton J., Water Supt., 
Village of Lake Worth, Rte. 11. 
Box 174 B, Fort Worth 14, Tex. 
(Jul. 

Piymouth Board of Public Af- 
fairs, Russell J. Moser, Plymouth, 
Ohio (Munic. Sv. Sub. Jul. 55) 

Pounds, Archie, Com. of Streets 


& Parks, City Hall, Bogalusa, La. | 


(Jul. '55) MR 

Price, W. Rodney; see Delaware, 
Public Service Com, of 

Quigley, Joseph A., Supt., Na- 
tional Water Main Cleaning Co., 
3605—65th Ave., Landover Knolls, 
Hyattsville, Md. (Jul. '55) 

Reid, James H., Cons. Engr., 
James H. Reid & Assocs., 420 Bell 
St., Edmonds, Wash. (Jul. '55) 
RPD 

Robinson, Joe W., Water Supt., 
683, Dayton, Tex. (Jul. 

Rogers, George E., 
Sewer Plant, 7511 


Houston 20, Tex. (Jul. ’°55) M 


MEMBERSHIP CHANGES 


(Continued from page 96 P&R) 


| Saldivia, Juan V., Chief Civ: 
Engr., Las Vizcachas Filter Plant, 
Ave. General Bulnes 129, Santiago, 
Chile (Jul. P 
Saunders, William K., C & C 
Construction Co., 2001 E. Pontiac 
St., Fort Wayne, Ind. (Jul. ’55) 
Savoy, Walter, Works Foreman, 
Munic. Water & Sewers, Dalhousie, 
N.B. (Jul. ’55) 
Sawyer, William F.; 
bridge (Me.) Water Co. 
Clarence H., Supervis- 
Water Reclamation 
City 


(ju 
see Indio 


see Mil- 


Scherer, 
ing Chemist, 
& Sewage Treatment Plant, 
Auditorium, Amarillo, Tex. 
MRP 


| Selman, Thomas E.; 
(Calif.) 


Sherborne, John E., Mgr., Pro- 
Co. of California, Box 218, Brea, 
Calif. (Jul. P 


Shifrin, Walter G., 23 Hillvale 
Dr., Clayton 5, Mo. (Jr. M. Jul. 

| Simmons, Dale O., Filter Plant 
Operator, 2555 Van Alstyne, Wyan- 
dotte, Mich. (Jul. ’55) P 

Smith, A. V., Eng. Co., Hugh L. 
Hamilton, Pres., Essex Bldg., Nar- 
berth, Pa. (Corp. M. Jul. ’55) D 

Snyder, Henry Philip, Asst. Civ. 
Engr., Water Dept., 597 S. Thomas 
St., Pomona, Calif. (Jul. '55) D 

| Sommer, Adam, Application Engr., 


Dunkirk, N.Y. (Jul. D 
Stanley, John H., Gen. Supt., 
| Goodland, Kan. (Jul. ’55) MR 
| Stott, William Russell, Sales 
| Mgr., Welsbach Corp., Kitson 

Valve Div., Westmoreland & Stok- 

ley Sts., Philadelphia 29, Pa. (Jul 
| D 


| Swanson, Robert W., Supt., Rich- | 


| land Water Dist., 1940 N.E. 137th 
| §St., Portland 20, Ore. (Jul. 
| MD 


| Alenby Rd., Tel Aviv, Israel (Jan. 
MRPD 


duction Research Div., Union Oil | 


V ol. 47, No.9 


Tatum, W. M., Jr., Supt., Water 


Dept., Box 447, Newellton, La. 
(Jul. MP 
Teckoe, J. E., Jr., Gen. 


Mgr., 

Utilities Com., Windsor, Ont. Gui. 

Thomas, Hal M., Sales 
Pacific States Cast Iron Pipe Co., 
501-2 Portland Trust Bldg., 319 
S.W. Washington St., Portland 4, 
Ore. (Jul. D 

Tyrer, Gene A., Salesman, Gen- 
eral Chem. Div., 3357 W. 47th 
Pl., Chicago 32, Ill. (Jul. ’55) P 

Vandertill, James C., Sales Repr., 
Olin Mathieson Chem. Corp., 900 


Dixie Terminal Bldg., Cincinnati 
2, Ohio (Jul. ’55) P 
Vaughn, L. G., Engr., Hemphill 


Pumping Sta., 1210 Hemphill Ave., 
N.W., Atlanta 13, Ga. (Jul. ’55) P 


Volkert, David G., Pres., Ewin 
Eng. Corp., Box 361, Mobile, Ala. 
(Jul. '55) MR 


Walsh, William C., Jr. Partner, 
Dannenbaum-Walsh, Box 1066, 
Angleton, Tex. (Jul. ’55) R 

Watson, Donald C., Mer., Constr. 
Div., Turbine Equipment Co., Box 
578, Westfield, N.J. (Jul. ’55) MD 

Weck, Herman F., Asst. Mar., 
Downey County Water Dist., 8348 
E. 2nd St., Downey, Calif. (Jul. 
55) J 

Weikel, Robert C., Weikel Constr 
Inc., Box 1108, Fort Wayne, Ind. 


Alco Products, Inc., 415 Robin St., | 


(Jul. D 

| Welch, Marion C., San. Enar., 
4003 Frankfort Ave., Louisville 7, 
| Ky. (Jul. MRP 

| West, Maurice ©., Mayor, City 
| Hall, Graysville, Ala. (Jul. 55) M 


White, John W. L., Engr., Con- 
| sumers Water Co., 95 Exchange 
St., Portland, Me. (Jul. ’55) 
| MRPD 
| Williams, Bertram F., Mgr., Ar- 

lington Water Works, Box 846, 
| Jacksonville 11, Fla. (Jul. 55) M 


| Williams, Edward P.; see Guil- 
ford-Chester (Conn.) Water Co. 


Northside Syrkin, Simon, Cons. Engr., 04 | Witzgall, John §8., Navy 3080, 
Hillsboro St., 


Box 4 FPO, San Francisco, Calif. 
(Jul. '55) MPD 


P. O. Bex 307 


Inquiries Solicited 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 lb. Each 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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HOW TO PREVENT 
PIPELINE COLLAPSE 


¢ A break in the line or a quickly 
opened valve often releases water 
at terrific velocity. Internal pres- 
sure falls below atmospheric. Thin- 
walled pipelines collapse! 

Simplex Air Inlet Valves quickly 
admit air, prevent a vacuum, pro- 
tect lines from collapse. They also 
vent air when lines are being filled 
to stop binding, increase efficiency. 
Standard 4” to 10” sizes. 
BULLETIN 1202 


HOW TO IMPROVE 
YOUR SYSTEM 


e Here’s a new way to increase 
pumping efficiency and prevent 
pipeline collapse . . . at low cost. 
One unit, Simplex Type AV Valve, 
does 3 jobs. It admits air to break 
vacuums, prevents pipeline col- 
lapse. Releases air to prevent bind- 
ing, cuts pumping costs. Vents large 
volumes of air when system is filled 

. . Saving you the cost of buying 
large valves for this limited use. Di- 
mensions only 11%” x 16%”. Easy 
to install . . . one 2” connection. 
BULLETIN 1205 


— 


2” NIPPLE 


New combination inlet-release valve 


WRITE for Technical Bulletins! Simplex Valve & Meter Company, 
Dept. JA-9, 7 E. Orange St., Lancaster, Pa. 


Accurate instruments and controls since 1904 


METER 


VALVE 


COMPANY 
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T CUTTING 
- 
SR 
uF 
Pipeline collapse due to vacuum 
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RELEASE <~ ~ INLET 
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Index of Aduertisers’ Products 


Activated Carbon: 
(ndustrial Chemical Sales Div. 
Permutit Co. 

Aerators (Air Diffusers): 
American Well Works 
General Filter Co. 

Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 


Alr Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Heavy 
Chemicals Dept. 

General Chemical Div. 

Ammonia, Anhydrous: 

General Chemical Div. 


Ammontators: 
Fischer & Porter Co. 
wtioneers, Inc. 
lace & Tiernan Co., Inc. 


Goods: 
American Brass Co. 
M. Greenberg's Sons 


Hays Mfg. 

Mueller 

Carbon Dioxide Generators: 
Infileo Inc. 

Walker Process Equipment, Inc. 
Cathodic Protection: 


Electro Rust-Proofing Corp. 
Harco Corp. 


Cement Mortar Lining: 
Centriline Corp. 


Chemical Feed Apparatus: 

Fischer & Porter Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Infileo Inc 

Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co 

Proportioneers, Inc. 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Chemists and Engineers: 

(See Professional Services) 

Chiorination Equipment: 

Builders-Providence, Inc. 

Everson Mig. Corp. 

Fischer & Porter Co. 

Proportioneers, Inc 

Wallace & Tiernan Inc. 

Chiortne Comparators: 

Klett Mfg. Co 

Wallace & Tiernan Inc. 

Chiorine, Liquid: 

Wallace & Tiernan Inc. 

Clamps and Sleeves, 

ames B. Clow & Sons 

Yresser Mig. Div. 

M. Greenberg's Sons 

Mueller Co. 

Rensselaer Valve Co. 

Skinner, 

A. P. Smith Mig. Co. 

Trinity Valley Iron & Steel Co. 

Clamps, Bell Joint: 

ames B. Clow & Sons 

Yresser Mfg. Div. 

Skinner, M. B., Co. 


Clamps, Vipe Kepatr: 


ames B. Clow & 


Div. 


Iresser Mig. 


Skinner, M. B., 

Trinity Valley or "& Steel Co. 

Clarifiers: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Infilco Inc. 

Permutit Co 

Walker Process Equipment, Inc. 

Cleaning Water Mains: 

Flexible Inc. 

National Water Main Cleaning Co. 

Condensers: 

United States Pipe & Foundry Co. 

Contractors, Water Supply: 

Layne & Bowler, Inc 

Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc. 

Fischer & Porter Co. 

General Filter Co 

Infilco Inc 

Penn Industrial Instrument Div. 

Simplex Valve & Meter Co 

Copper Sheets: 

American Brass 

Copper Sulfate: 

General Chemical Div 

Phelps Dodge Refining Corp. 

Tennessee Corp. 

Corrosion Control: 

Calgon, Inc 

Philadelphia Quartz Co. 

Couplings, Flexible: 

DeLaval Steam Turbine Co 

Dresser Mfg. Div. 

Philadelphia Gear Works, Inc. 

Diaphragms, Pump: 

Dorr-Oliver Inc. 

Morse Bros. Mchy. Co. 

Southern Pipe & Casing Co. 

Engines, Hydraulic: 

Ross Valve Mig. Co. 

Engineers and Chemi«ts: 

(See Professional Services) 

Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon, Inc 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infileo Inc 

Permutit Co 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 


Anthracite Equipment Corp. 
General Filter Co. 
Johns-Manville Corp 

Infileo Inc. 

Northern Co. 
Permutit 

Carl Se hleicher & Schuell Co. 
Stuart Corp. 


Filters, incl, Feedwater: 
Cochrane Corp. 

Dorr-Oliver Inc. 

Graver Water Conditioning Co. 
Infilco Inc. 

Morse Bros. Mchy. Co. 
Permutit Co 

Roberts Filter Mig. Co 
Ross Valve Mfg. Co. 
Filters, Membrane (MF) 
AG Chemical Co. 
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Millipore Filter C 
Carl Schleicher ‘Schuell Co. 
Filtration Plant Equipment: 
Chain Belt Co. 

Cochrane Co 

Filtration Equipment Corp. 
General Filter Co. 

Graver Water Co. 
Hungerford & Terry 

Infileo Inc 

F. B. Leopold Co. 


Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 


Fittings, Copper Pipe: 
Dresser Mfg. Biv. 

M. Greenberg's Sons 
Hays Mfg. Co. 

Mueller Co. 

Fittings, Tees, Elis, ete.: 
Carlon Products Corp. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Crane Co. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co 
R. D. Wood Co 
Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co 

Graver Water Conditioning Co. 
Infilco Inc 

Permutit Co 
Stuart Corp. 

Fluoride Chemicals: 
American Agricultural Chemical Co. 
Blockson Chemical Co. 
Fluoride Feeders: 
Builders-Providence, Inc. 
Fischer & Porter Co. 
Omega Machine Co. (Div., 

Industries) 

Wallace & Tiernan Co., Inc. 
Furnaces: 

Jos. G. Pollard Co., Inc. 
Gages, Liquid Level: 
Builders-Providence. Inc. 
Fischer & Porter Co. 

Infileo Inc. 

Penn Industrial Instrument Div. 
Simplex Valve & Meter Co 
Gages, Loss of Head, Rate of 

Flow, Sand Expansion: 
Builders-Providence, Inc. 

Fischer & Porter Co. 

Infilco Inc. 
Penn Industrial Instrument Div. 
Simplex Valve & Meter Co 
Gasholders: 
Chicago Bridge & Iron Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp. 
Gates, Shear and Sluice: 
= Drainage & Metal 

n 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Morse Bros. Mchy. Co. 
Co. 

D. Wood Co. 


B-I-F 


| 
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SHOCKING § SITUATION 
Solved Rugged Steel Pipe 


Water pipe lines suffer from many “shocking situations.” Constant water 
hammer, traffic pounding, ground settling, extreme temperature 
changes, and abnormal shocks from earthquakes, floods, washouts, 
cave-ins and blastings take a terrific toll of rigid, brittle, types of 
pipe. But not flexible, ductile, high-strength steel pipe. Tough 
steel pipe is built to take it... engineered to resist the greatest 
shocks. Steel pipe gives you maximum protection against breaking plus 
the highest standard of serviceability. 
So, when your plans demand a water pipe line that is steeled 
against shock, stress, and strain, you're smart to specify STEEL pipe. 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST” 


STEEL PLATE FABRICATORS “i 
ASSOCIATION 


79 W. MONROE ST., CHICAGO 3, ILL. 


— 
| 


102 


Gears, Reducing: 
DeLaval Steam Turbine , 
Philadelphia Gear Works, Inc. 


Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mig. Co. 

Wallace & Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 
James B. Clow & Sons 


Mueller 

iydrants: 

> B. Clow & Sons 
arling Valve & ofits. Co. 


M. Greenberg's Sons 
Kennedy Valve Mfg Co 
Ludlow Valve Mig. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller 

A. P. Smith Mig. Co. 
Rensselaer Valve Co. 

Kk. D. Wood Co. 


Hydrogen ton Equipment: 
Wallace & Tiernan Inc. 


Ion Exchange Materials: 
Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 


Iron, Pi 
Woodward Iron Co. 


Iron Removal Plante: 
American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infileo Inc. 

Permutit Co, 

Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 


Jointing Materials: 
Hydraulic Development Corp. 
Corp. 

eadite Co., Inc. 


Joints, Mechanical, Pipe: 
American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 

Dresser Mfg. Div 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co, 


Leak Detectors: 
Jos. G. Pollard Co., Inc. 


Time Siakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infileo Inc 

Omega Machine Co. (Div., 
Industries) 

Permutit Co. 


Magnetic Dipping Needles: 
W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 
Pittsburgh Equitable Meter Div. 


Meter Couplings and Yokes: 
Badger Meter Mig. Co. 

Dresser Mig. Div. 

Ford Meter Box Co. 


B-I-F 


Mueller Co. 

Neptune Co. 
Pittsburgh Equitable Meter Div. 
Worthington-Gamon Meter Co. 


ADVERTISERS’ PRODUCTS 


Meter Reading and Record 


Books 
Badger Meter Mig. Co 
Meter Testers: 
Badger Meter Mig. Co. 
Ford Meter Box Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Meters, Domestic: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Hersey Mfg Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 
Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 
Builders-Providence. Inc 
Fischer & Porter Co. 
Foster Eng Co. 
Infileo Inc 
Penn Industrial Instrument Div. 
Simplex Valve & Meter Co 
Meters, Industrial, Commer- 
elal: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders-Providence, Inc 
Fischer & Porter Co. 
Hersey Mfg. Co 
Neptune Meter Co 
Pittsburgh Equitable Meter Div 
Simplex Valve & Meter Co 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 
Mixing Equipment: 
Chain Belt Co. 
General Filter Co. 
Infilee Inc. 
Paints 
Inertol Co., Inc. 
Pipe, Asbestos-Cement: 
Corp. 
easbey & Mattison Co. 
Pipe, Brass: 
American Brass Co. 
Pipe, Cast tron (and Fittings) : 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn 
James B. Clow & Sons 


Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co 
R. D. Wood Co. 


Pipe, Cement Lined: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

United States Pipe & Foundry Co. 

R. D. Wood Co. 

Pipe, Concrete: 

7 Concrete Pressure Pipe 
Assn. 

American Pipe & Construction Co. 

Lock Joint Pipe " 

Pipe, Copper: 

American Brass Co. 

Pipe, Steel: 

ot = Drainage & Meta! Products, 


nc. 
Bethlehem Steel Co. 
Pipe Coatings and Linings: 
The Barrett Div 
Cast Iron Pipe Research Assn 
Centriline Corp. 
Inerto! Co., Inc. 
Koppers Co., Inc. 
Reilly Tar & Chemical Corp. 
Pipe Cutters 
ames B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co 
Spring Load Mfg. Corp. 


V ol. 47,No.9 


Pipe Jointing Materials; see 
Jointing Materials 

Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pipe Vises 

Spring Load Mfg. Corp. 

Piugs, Removable; 

James Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mig. Co 

Potassium Permanganate 

Carus Chemical Co. 

I’ressure Kegulators: 

Allis~Chalmers Mfg. Co. 

Foster Eng. Co. 

Mueller Co. 

Ross Valve Mfg. Co. 

l’umps, Boller Feed: 

DeLaval Steam Turbine Co. 

Pumps, Centrifugal: 

Allis-Chalmers Mfg. Co. 

American Well Works 

DeLaval Steam Turbine Co. 

Morse Bros. Mchy. Co. 

C. H. Wheeler Mig. Co. 

Pumps, Chemical Feed: 

Infilco Inc. 

Proportioneers, Inc. 

Wallace & Tiernan Inc. 

lumps, Deep Well: 

American Well Works 

Layne & Bowler, Inc. 

'umps, Diaphragm: 

Dorr-Oliver Inc. 

Morse Bros. Mchy. Co. 

Pumps, Hydrant: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pumps, Hydraulic Booster: 

Ross Valve Mfg. Co. 

Pumps, Sewage: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

C. H. Wheeler Mig. Co. , 

Pumps, Sump: 

DeLaval Steam Turbine Co 

C. H. Wheeler Mfg. Co. 

Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Layne & Bowler, Inc. 

Recorders, Gas Density, 
ete.: 

Fischer & Porter Co. 

Permutit Co 

Wallace & Tiernan Inc. 

Recording Instruments: 

Fischer & Porter Co. 

Infilco Inc 

Penn Industrial Instrument Div. 

Wallace & Tiernan Inc. 

Reservoirs, Steel: 

Chicago Bridge & Iron Co 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sand Expansion Gages; see 
Gages 

Sleeves; see Clamps 

Sleeves and Valves, Tapping: 

James B. Clow & Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensseiaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

General Filter Co 

Graver Water Conditioning Co. 

Permutit Co 

Sodium Hexametaphosphate: 

Blockson Chemical 

Calgon, Inc 
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Proud “‘city fathers’’ 
must look to the future, too! 


IOWA hydrants and valves 
are never “orphans”! 


No need to worry about the future of your city’s water 
system when you choose Jowa. You know you're buying a 
reliable product from a reliable firm and that there will 
always be replacement parts, when and as needed. What 
you may not know, though, is this . . . Jowa hydrants are 
easily and economically serviced—even by new employees 
without special training. 

Below are additional facts to keep in mind when you plan 


to expand or replace any part of your city water works. 


IOWA HYDRANTS 
Provide full, truly unrestricted 
water way. 

Open with the pressure for faster 
water delivery. 

Close against the pressure to 
eliminate water hammer, pro- 
vide flushing action. 

Assure positive drainage. 

Are available for any type of 
connection. 

All working parts removable 
through top—no digging or spe- 
cial tools required. 


Meet all A.W.W.A. specifications. 


IOWA GATE VALVES 
Double disc, parallel seat. 
Positive wedging action for effi- 
cient, no-leak closing. 

Gates hung loosely from stem 
nut—no binding. 

Rugged, time-proved design 
means long life, low service costs. 
Available with bell, flange, or 
mechanical joint connections to 
fit any existing or planned 
installation. 

Meet all A.W.W.A. specifications. 


The best insurance policy is the order that specifies IOWA! 


IOWA 


Oskaloosa, lowa 


: 
4 
J 
i 
| 
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Sodium Silicate 
Philadelphia Quartz Co. 
Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mig. Co. 
Walker Process Equipment, Inc. 
Softening Chemicals and Com- 

unds: 

¢ a 

ochrane 

General Filter Co. 

Infileo Inc. 
Morton Salt Co. 

Permutit Co. 
Tennessee Corp. 
Standpipes, 
Chicago Bridge & wes Co. 
K ‘ole . 
Graver Water ‘onditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Stee! Co. 
Steel Plate Construction: 
Bethlehem Steel Co. 
Chicago & Co. 
R. D. Cole 
Graver Water ‘onditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Stee) Co 
Stops, S urb and Corporation: 
Hays . Co. 


Storage Tanks; see Tanks 


Strainers, Suction: 
> B. Clow & Sons 
. Greenberg's Sons 
E., Inc. 
Wood 
Surface Equipment: 
Cochrane Corp. 
Permutit Co. 


Swimming Pool Sterilization: 

Fischer & Porter 

Omega Machine Co. (Div., B-I-F 
Industries) 

Proportioneers, Inc 

Wallace & Tiernan Inc. 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co 

R. D. Cole Mfg. Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Machines: 

Hays Mig. Co. 

Mueller €o, 

A. P. Smith Mfg. Co. 

Zapotes Me Corp.: 

Hays M 

Mueller Co. 

Taste and Odor Removal: 

Cochrane Corp. 

Fischer & Porter Co. 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Sales 

Infilco Inc 


Tenoning Tools 

Spring Load Mig. Corp. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 
allace & Tiernan 

Turbines, Steam 

DeLaval Steam Turbine Co. 

Turbines, Water 

DeLaval Steam Turbine Co. 

Valve Boxes: 

B. Clow & Sons 

ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co 

Rensselaer Valve Co. 


A. P. Smith Mfg. Co. 
pointy Valley Iron & Steel Co. 
R. D. Wood Co. 


Valve-Inserting Machines: 
Mueller Co. 

A. P. Smith Mfg. Co. 
Valves, Altitude: 

Ross Valve Mig. Co., Inc 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 
Chapman Valve Mfg. Co. 
ames B. Clow & Sons 
JeZurik Shower 
M. Greenberg's Sons 
M & H Valve & Fittings Co. 
Mueller Co. 
Henry Pratt Co. 
Rensselaer Vere Co, 
R. D. Wood C 
Valves, Detector Check: 
Hersey Mig. Co 
Valves, Electrically Operated: 
Chapman Valve Mfg. Co. 
— B. Clow & Sons 
rane Co. 
Darling Valve & Mfg. Co 
Valve Mfg. Co. 
M & Valve & Fittings Co. 
Mueller Co. 
Philadelphia Gear Works, Inc. 
Henry Pratt Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co 
Valves, Float: 
ames B. Clow & Sons 
enry Pratt Co. 
Ross Valve Mfg. Co., Inc. 
Valves, Gate: 
Chapman ag Mfg. Co. 
James low & Sons 
Crane Co. 
Darling Valve & Mig. Co. 
Dresser Mig. Div. 
Kennedy Valve Mfg. Co 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 
Valves, Hydraulically Oper- 
ated: 
Chapman Valve Mfg. Co. 
4 B. Clow & Sons 
rane 
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Darling Valve & Mfg. Co. 
eZurik Shower Co. 

Kennedy Valve Mig. 

M & H Valve & Fiktings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc. 

Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Large Diameter: 


Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Crane Co. 


Darling Valve & Mfg. 

Kennedy Valve Mfg. 

Ludlow Valve Mfg. 

M & H Valve & 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co 

Valves, Regulating: 

DeZurik Shower Co. 

Foster Eng. Co 

Mueller Co. 

Henry Pratt Co. 

Ross Valve Mig. Co. 

Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

M. Greenberg's 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co 

Venturi Tubes 

Penn Industrial Instrument Div. 

Waterproofing 

Inertol Co., Inc. 

Water Softening Plants; see 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Wallace & Tiernan Inc. 

Water Treatment Plante: 

Allis-Chalmers Mfg. Co 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Fischer & Porter Co. 

General Filter Co 

Graver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler. Inc. 

Well Screens 

Johnson, Edward E., Inc. 

Wrenches, Ratchet: 


EP oo 


Inc. 
ittings Co. 


Dresser Mfg. Div 
Zeolite; see lon Exchange 
Materials 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1953 AWWA Directory. 


ADVERTISERS’ PRODUCTS 
Permutit Co. 
Proportioneers, Inc. 
| 
3 
| 


P&R 105 


JOURNAL AWWA 


Sep. 1955 


INAWdINOA AGNV S1OOL Adid AO S.VOINANY 


ur 


‘v€ SOT “3AV OONVHNG pup g-¢¢ ‘ON 40f puag 


“DNI 


punosd *sSurjdnod add} 
SUI] IBIOUII 0} [00} puke yum ..dn syew,, pue ‘uonses 
—pue polisop duly IND QUI] DINSSIIg QIX9]4 


SNIVW 


01 


\ 


106 P&R JOURNAL AWWA Vol. 47,No.9 


Arctic lype 


How Do You Measure Quality 
In Water Meters ? 


You can’t put a gauge on quality . . . and only in part a 
price. You who have been “through the mill” know that 
quality in water meters must be demonstrated over the 
years by superior performance, greater accuracy, longer 
life. Then it’s a matter of record. 

By any yardstick Rockwell meters measure up to the 
highest standards. They provide the most in accuracy with 
the least wear. It adds up to greater earning power, fewer 
repairs, lowest cost per unit measured. Ask our repre- 
sentative to demonstrate or write for bulletins. 


The Symbol for Service, Quality i Water Meters 
ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH Atlanta Boston Chorlotie Chicago Dollies Houston os Angeles Midlond, Texas 
Konsos City, Mo. New York Philadelphia Pittsburgh Sen Froncisco Seottle Shreveport, Le. Tube 


ROCKWELL WATER METERS 


ll 
| | a 


in water treatment problems... 
you won't find identical twins 


The Citizen’s Water Company of Washington, 
Pennsylvania recently started up this compact, 
attractive filtration and softening plant. A 
Dorrco Aldrich PeriFilter System was selected 
as the most economical answer to meet local 
conditions. Consisting of two 49’6* dia. Dorrco 
Hydro-Treators, each surrounded by an annular 
rapid sand filter, the plant has a softening ca- 


pacity of 4 MGD. 


i 


of the local conditions. Variables 
w water composition, rate of 


A 


Filtration Plant 


Construction Costs Cut 
using DORRCO Aldrich 


PeriFilter’ System 


The unique PeriFilter design cuts construc- 
tion costs because both pre-treatment unit and 
filter are installed in the same tank. Valves and 
piping are greatly simplified. Reduced head 
losses and simple operation add up to lower op- 
erating costs. 

If you'd like more information on the Peri- 
Filter System write for Bulletin No. 9042. No 
obligation, of course. 


Every doy, nearly 8 billion gallons of water are treated with Dorr-Oliver equipment 


WORLD -WIDE RESEARCH 


“Trodemort of Dorr Oliver ior poroted 
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Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—-else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’’ used for bell and spigot Water 
Mains MUST BE GOOD,—-MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 
The pioneer self-caulking material for c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 


Ags. 

q 

=a 

as 


